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^"^^         Preface 

^i  BILITT  to  figure  accurately  the  cost  of  proposed  con* 
/\  struction  is  essential  to  the  business  success  of  the 
^^  modem  builder  and  contractoi^— an  indispensable  part 
of  his  necessary  working  capital,  a  passport  to  yictory  in 
competition,  and  a  safeguard  against  loss.  Up  to  the  present 
time,  howeyer,  the  problem  of  making  accurate  and  reliable 
estimates  of  cost  has  been  the  one  great  bugbear  of  the 
Building  Trades  in  general.  Estimates  have  been  largely 
based  on  more  or  less  skilful  guesswork. 

While  it  is  a  comparatively  simple  task  to  design  a  house, 
a  bam,  a  bridge,  or  other  structure,  and  even  to  build  it  com- 
plete in  every  detail,  yet  the  all-important  problem  of  deter- 
mining beforehand  what  the  finished  work  will  cost  has  al- 
ways been  shrouded  in  uncertainty,  so  that  the  contractor's 
inability  to  forecast  expense  has  made  him  timid  and  hesi- 
tating, and  has  caused  the  business  of  contracting  in  general 
to  be  looked  upon  as  more  or  less  a  gamble  surrounded  with 
unmeasured  risks  to  one  and  all  concemed. 

It  is  the  purpose  of  RADFORD'S  ESTIMATING  AND 
CONTRACTING  to  teach  the  principles  of  scientific  estimat- 
ing-—that  is,  to  inculcate  systematic  methods  of  procedure  In 
figuring  costs*  to  show  the  reader  the  data  necessary  in  every 
case,  and  explain  how  his  particular  problem  is  figured  out  on 
this  basis.  Prices  are  quoted,  but  in  all  cases  they  are  pro- 
visional, depending  on  local  conditions,  for  it  is  recognized 
that  second-hand  data  such  as  specific  quotations  of  prices 
are  usually  of  little  value  for  the  reason  that  the  conditions 
onder  which  they  hold  good  are  rarely  noted.  Stress  is  ac- 
cordingly laid  on  the  far  more  important  elements  of  quan- 
tities (for  material)  and  time  (for  labor).  If  one  knows,  for 
example,  how  much  material  he  will  need  on  a  Job,  how  much 
excavating  there  is  to  do,  etc..  and  how  fast  his  men  can  be 
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PREFACE, 

^pected  to  do  this  work,  an  estimate  of  the  cost  then  be- 
comes easy. 

It  is  as  true  of  Estimating  as  of  all  other  lines  of  activity, 
that  men  learn  to  do  it  by  doing  it.  Just  as  they  learn  to  build 
houses  by  building  them,  l^stimators  are  made,  not  bom; 
and  there  is  such  a  thing  as  developing  an  estimating  faculty. 
So,  while  this  work  does  not  pretend  to  be  a  substitute  for 
brains,  nevertheless  it  embodies  practical  information  based 
on  the  experience  of  well-known  and  successful  contractors 
and  builders  in  all  parts  of  the  country,  as  to  the  methods  of 
estimating  actually  used  by  them  in  daily  practice,  on  both 
large  and  small  work. 

Its  systematic  arrangement,  broad  range  of  contents,  and 
multitude  of  useful,  practical  tables,  will  commend  it  to  Con« 
tractors.  Architects,  Engineers,  Carpenters,  Cement  Users, 
Masons,  Plumbers,  Decorators,  Road  and  Bridge  Builders, 
Steel  Structural  Workers,  Sheet-Metal  Workers,  and  the 
Building  Trades  in  general 


Index  to  Chapters 

PAQE. 

General  Pbincifles  of  Estimating 9 

constbucnon  contsacts  58 

Specifications 83 

PBEUMINABIES  to  EiSTIMATINO 115 

Cabfsntby 144 

Yellow  Pine  Construction 211 

Roof  Constbuchon 243 

Concrete  Construction 274 

Masonry  Construction 364 

Steel  Construction 415 

Heating  and  Ventilating 438 

Pluicbing 496 

Gasfittino 536 

Electric  Wiring 539 

Plastering  575 

Painting  and  Decorating t 595 

Glass  and  Glazing 630 

Builders*  Hardware 640 

Sidewalks,  Curbs,  and  Gutters 654 

RtADs  AND  Pavements 677 

Bridges  and  Culverts 710 

Sewers  and  Conduits 750 

Miscellaneous  Information  and  Tables 765 

Plates 861 


o 

Z 

11 

E 
m 

u. 

CI  c4 


tt     OB 

«S 

L.      rt 

3    A 

3  O 

1. 

^  03 

CO  O 

I  ^ 

CO  *^ 

t 


t 


RADFORD'S 

Estimating  and  Contracting 


General  Principles  of  Estimating 


At  the  very  outset,  we  should  understand — once  and  for 
all — that  there  is  no  such  thing  as  a  standard  price  for  any- 
thing. Prices  vary  in  different  localities  at  the  same  time^ 
and  in  the  same  locality  at  different  times;  and  he  who  would 
figure  costs  of  construction  where  it  is  necessary — ^as  it  al- 
ways is —  to  purchase  materials  or  lahor,  must  acquaint  him- 
self with  local  market  conditions  in  every  case. 

Nor  is  it  possible  to  prescribe  a  form  or  scheme  of  esti- 
mating that  will  be  everywhere  and  at  all  times  applicable  to 
any  and  all  Jobs  whatsoever.  For  each  example  of  construc- 
tion is,  in  a  certain  sense,  a  job  unto  itself,  involving  factors 
which  may  vary  infinitely  with  the  endless  variations  of  per- 
sonality and  sentiment,  and  which  nothing  in  the  universe 
can  reduce  to  the  monotonous  uniformity  of  a  universal  rule 
or  formula. 

While,  therefore,  estimating  is  not  an  exact  science  in 
the  sense  in  which  physics  and  astronomy  are  exact  sciences, 
wherein  definite  and  precise  results  can  be  predicted  from  ac- 
curate and  well-defined  antecedents,  and  while  any  claim  to 
reduce  it  to  such  form  is  merely  "sounding  brass  and  a 
tinkling  cymbal,"  estimating  is  nevertheless  founded  on  well- 
defined  principles.  The  body  of  these  principles  constitutes 
the  true  Science  of  Estimating,  which  may  therefore  be  de- 
fined simply  as  intelligent  and  systematic  methods  of  pro- 
cedure In  the  figuring  of  costs.  It  is  the  very  antithesis  of 
guesswork.  And  a  knowledge  of  these  principles,  a  mastery 
of  these  methods,  is  an  absolute  essential — in  fact,  it  is  the 
very  foundation — of  business  success  in  all  contracting  and 
building  operations.  Without  it,  the  modem  builder  and  con- 
tractor is  merely  gambling  against  unknown  odds. 

One  decorator,  for  example,  will  enter  a  room,  glance  a^ 
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the  walls,  and  immediately  sajy,  '1  will  paper  that  room  for 
15.00."  Another  will  bring  oui  his  tape-measure  or  rule,  and 
take  measurements.  He  knows  exactly  how  many  rolls  of 
paper  will  be  needed;  from  records  of  his  past  experience,  he 
can  figure  how  many  hours  of  labor  will  be  needed  for  hang« 
ing  the  paper;  and  he  knows  the  local  wage-rate.  From  a 
business  point  of  view,  can  anyone  doubt,  as  between  these 
two  men,  which  one  has  adopted  the  safe  and  sane  method  of 
estimating?  The  one  who  figures  carefully  may  not  get  the 
contract;  but  in  nine  cases  out  of  ten  he  is  better  without  it 
than  at  the  other  man's  price.  He  knows  why;  the  other 
man  does  not  know;  the  owner  may  or  may  not  know. 

It  is  not  unusual  to  find  similar  haphazard  guesswork  at 
play  in  figuring  the  basis  on  which  bids  are  made,  even  on 
large  construction  jobs.  It  is  no  wonder,  therefore,  that 
many  would-be  contractors  present  their  bids  with  fear  and 
trembling,  feeling  that  their  action  is  merely  a  gamble,  like 
betting  on  a  hor^e-race.  A  knowledge  of  the  factors  determin- 
ing costs,  and  the  ability  to  apply  this  knowledge  to  the  par- 
ticular work  at  hand,  would  place  their  feet  upon  the  solid 
rock. 

To  predict  with  accuracy  what  it  will  cost  in  time  or 
money,  or  both,  to  accomplish  work,  is  at  best  an  exceed- 
ingly difficult  task.  To  begin  with,  in  out-of-door  work  the 
conditions  are — ^many  of  them — speculative.  We  do  not  know 
the  personalities  of  most  of  the  men  who  are  to  be  em* 
ployed;  we  do  not  know  how  much  rain  or  frost  we  shall  have 
to  contend  with;  and  we  are  required  to  work  under  a  con- 
tract many  of  the  terms  of  which  are  vague,  and  some  of 
them  prohibitory.  What  wonder  that  estimates  for  the  same 
work  differ — and  differ  widely?  There  Is  a  certain  cost  at 
which  projected  work  is  going  to  be  done;  but  no  two  men 
will  guess  alike  before  the  fact;  and,  after  having  guessed, 
no  two  men  would  come  out  with  the  same  figures  of  per- 
formance on  identically  similar  jobs,  if  it  were  possible  to 
get  together  two  Identically  similar  jobs. 

An  ideal  estimator  should  take  into  consideration  all  the 
conditions  which  affect  costs,  and  should  allow  each  condl- 
.  tion  to  have  just  the  correct  influence  upon  his  figures. 

CONDITIONS  AFFECTING  COST 

The  conditions  affecting  the  cost  of  construction  work  will 
naturally  group  themselves  into  three  classes: 

1.  Those  whose  quantitative  effect  upon  cost  can  be 
reasonably  predicted. 
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2.  Those  of  which  the  qualitative  effect  only  can  be  de- 
termined in  advance. 

3.  Those  conditions  the  influence  of  which  may  be  to 
increase  or  perhaps  to  decrease  the  cost  above  or  below 
an  assumed  normal. 

By  way  of  example,  (1)  we  can  say  in  advance  about  how 
much  more  it  will  cost  to  haul  bricks  two  miles  along  a 
known  highway  than  to  haul  the  same  bricks  only  one  mile 
along  the  same  road;  (2)  we  know  that  when  we  have  to 
blast  out  a  medium-hard  shale,  the  work  will  cost  more  if 
the  rock  is  full  of  seams  and  faults,  with  dikes  of  hard  ma- 
terial, than  if  ordinarily  regular  in  structure;  but  just  how 
much  more,  or  even  nearly  how  much  more,  we  cannot  pre- 
dict Again,  (3)  the  coming  of  a  new  superintendent  upon 
the  work  will  surely  have  an  effect  upon  it,  good  or  bad;  but 
until  he  has  been  tried  out,  there  is  no  telling  which  it  will 
be.  This  last-mentioned  fact  accounts  in  large  measure  for 
the  reluctance  with  which  contractors  let  their  old  men  go 
after  they  have  run  out  of  contracts. 

In  addition  to  the  above,  there  are  emergency  and  unfor- 
seen  conditions  that  from  time  to  time  unexpectedly  arise 
and  make  a  carefully  prepared  estimate  seem  like  a  poor 
affair. 

Obviously  it  is  impossible,  as  we  have  already  intimated, 
to  eliminate  absolutely  all  the  elements  of  uncertainty  in 
estimates.  No  matter  how  carefully  we  have  proceeded,  no 
matter  how  comprehensively  we  have  "rounded  up"  the  fac- 
tors that  may  have  a  bearing  on  the  final  result,  theoretically 
there  will  always  remain  at  least  some  infinitesimal  varia- 
tions in  our  estimates  from  the  standards  of  absolute  truth 
and  accuracy.  The  problem  for  us  is  how  to  make  the 
closest  estimate  possible  from  the  known  facts.  The  most 
careful  rules  and  the  most  elaborate  system,  if  followed, 
would  not  reduce  the  art  of  estimating  to  an  exact  science 
It  is  not  even  possible  to  state  with  absolute  accuracy  what  a 
Job  has  cost  after  it  is  completed.  How  much  more  difiicult, 
then,  to  forecast  the  cost  before  entering  upon  the  work.  It 
is  no  more  possible  to  make  an  infallibly  accurate  estimate  of 
the  cost  of  anything,  than  it  Is  to  measure  with  unvarying 
accuracy  the  length  of  a  beam,  the  height  of  a  column,  or  the 
dimensions  of  a  wall  or  floor.  Much  must  depend  upon  the 
intelligence,  the  information,  the  aptitude,  and — above  all — 
the  experience  of  the  estimator;  lastly,  he  must  have  the 
elusive  and  intangible  but  nevertheless  positive  and  essential 
quality  of  judgment,  without  which  all  theory  is  helpless. 
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Fortunately,  however.  It  !s  possible,  no  matter  what  tile 
degree  of  complexity  of  the  work,  to  estimate  the  cost  with 
an  accuracy  close  enough  for  practical  purposes  and  with  a 
sufficient  marginal  safety  to  provide  against  all  danger  of 
loss  In  bidding  or  in  construction.  It  Is  possible,  by  the  use 
of  cumulative  evidence,  to  reinforce  a  man's  experience  with 
the  facts  contributed  by  other  men;  and  it  is  possible,  by  thp 
presentation  of  correct  theory,  to  show  a  man  how  to  make 
his  own  experience  of  the  most  value  with  the  least  effort 
and  fatigue.  Such  knowledge  is  the  fundamental  working 
capital  of  the  successful  bidder  and  contractor. 

MEN  WHO  MAKE  ESTIMATES 

Estimates  in  general  are  made  by  three  classes  of  men: 

1.  The  Engineer  or  Architect,  who  makes  them  as  the 
basis  for  designs,  preliminary  to  obtaining  contracts. 

2.  The  Contractor,  who  undertakes  to  carry  out  the  work. 

3.  The  man  In  the  field,  who  is  carrying  on  the  work. 

The    Engineer  or  Architect 

The  engineer  or  architect  who  makes  his  estimates  as  a 
guide  to  his  client  in  deciding  what  work  shall  be  planned. 
is  usually  in  the  position  of  the  man  who  estimates  with- 
out having  to  carry  out  the  work  himself;  and  he  is  al- 
ways in  great  danger  of  making  his  estimates  too  low.  The 
reasons  for  this  are  not  generally  appreciated.  Some  of 
them  are  as  follows: 

(a)  His  client  is  seldom  willing  to  pay  for  a  thorough 
investigation  of  the  conditions  that  are  to  be  met»  it  being 
assumed  that  since  a  contractor  is  willing  to  spend  his  own 
money  in  making  an  estimate  on  the  chance  of  obtaining  a 
profitable  contract,  the  cost  of  estimating  is  so  low  that 
the  engineer  or  architect  can  do  it  himself  out  of  what  he 
receives  as  his  fee,  and  that  it  should  therefore  be  a  part 
of  his  ot^ce  expenses.  He  cannot  afford  to  make  an  ex- 
tended investigation  at  his  own  expense,  and  thus  fails  to 
take  into  consideration  many  conditions  which  are  more 
likely  to  increase  the  cost  than  to  decrease  it. 

(b)  As  the  business  of  the  engineer  or  architect  is  to 
make  designs,  and  as  he  is  not  particularly  concerned  with 
their  execution  except  as  an  overseer,  he  seldom  has  actual 
experience  of  what  it  costs  to  do  work,  and  is  obliged  to 
depend  upon  his  records  of  contractors'  bids  on  work  of 
the  class  that  he  is  contemplating.    Since  his  figures  on  these 
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Mds  are  not  in  sufficient  detail  to  make  them  applicable' 
to  his  work  except  in  a  general  way,  he  is  at  a  serious 
disadvantage  as  compared  with  a  contractor;  and  his  dis- 
advantage consists  specifically  In  not  having  at  hand  a  large 
number  of  facts  which  go  to  make  up  the  contractor's  cost 
The  engineer  or  architect  seldom  considers — because  it  has 
not  been  brought  to  his  attention — the  fact  that  the  con- 
tractor must  pay  from  1  to  10  per  cent  of  his  pay-roll  for 
liability  insurance,  and, 'after  he  has  paid  for  liability  in- 
surance, he  has  such  items  as  bad  bills,  lawsuits  (outside 
of  his  liability  Insurance),  discounts,  and  the  like,  all  of 
which  have  to  be  taken  care  of  by  his  average  receipts. 
The  estimating  architect  is  therefore  prone  to  make  use  of 
published  data  of  costs,  without  adding  ans^thing  for  these 
special  contingencies,  thus  frequently  getting  into  serious 
trouble. 

(c)  The  owner,  or  his  representative,  usually  draws  a 
contract  which  the  contractor  is  expected  to  sign;  and  this 
contract  contains  clauses  intended  for  the  reasonable  pro- 
tection of  the  owner,  but  which  are  too  often  liable  to  result 
in  an  unreasonable  hardship  upon  the  contractor.  The 
owner's  engineer — ^be  it  said  to  the  credit  of  the  profession 
— is,  in  the  large  majority  of  cases,  both  fair-minded  and 
unprejudiced;  and  it  has  long  been  a  maxim  of  the  engi- 
neering profession  to  give  a  contractor  the  benefit  of  any 
doubt  as  to  the  Interpretation  of  any  specific  clauses.  Often 
the  man  who  draws  a  contract  by  way  of  insurance  puts 
in  clauses  which  are  intended  for  protection  against  certain 
contingencies,  but  which  may  become  operative  in  a  num- 
ber of  other  ways;  and  the  contractor  is  obliged  to  put  on  a 
high  price,  rather  than  run  the  risk  of  large  financial  loss 
in  the  event  of  such  clauses  becoming  operative.  The  fol- 
lowing is  a  clause  taken  from  the  standard  steel  specifica- 
tions of  a  large  railroad: 

"The  Contractor  shall  so  conduct  his  work  as  not  to 
interfere  in  any  way  with  the  operations  of  the  road  or 
with  the  work  of  other  contractors,  or  close  any  thorough- 
fare, by  land  or  water,  except  by  the  special  permission  of 
the  Chief  Engineer.  The  erection  shall  be  carried  on  with 
despatch,  and  in  such  manner  as  may  be  designated  by  the 
Chief  Engineer." 

This  sort  of  clause,  if  enforceable,  is  one  that  makes  the 
Chief  Engineer  the  absolute  arbiter  or  controller  of  the 
financial  success  or  failure  of  the  contractor  on  the  work. 
To  build  a  bridge  on  a  railroad  that  is  in  full  operation. 
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In  such  manner  as  not  to  Interfere  in  any  way  with  the  opera- 
tions of  the  road,  is  one  of  those  amusing  inconsistencies 
that  cost  money.  In  all  probability  there  never  was  yet  a 
single  instance  in  which  a  railroad  bridge  was  built  under 
traffic  without  in  some  measure  interfering  with  the  opera- 
tions of  the  road.  Such  a  clause  as  this  means,  of  course, 
that  the  contractor  must  do  his  work  with  the  minimum 
reasonable  interference  with  the  railroad;  but  it  does  not 
say  so,  and  a  contractor  signing  a  conti'act  with  such  a 
clause  puts  his  head  in  a  lion's  mouth,  and  bids  accord- 
ingly— often  to  the  engineer's  surprise  and  humiliation.  Am- 
biguous specifications  will  force  a  careful  contractor  to  bid 
high,  and,  by  offering  a  reckle^  contractor  an  inducement 
to  bid  low,  will  result  in  almost  surely  placing  the  con- 
tract where  it  will  be  inefficiently  performed.  The  reckless 
contractor  is  not  generally  a  good  manager;  and  the  care- 
ful contractor,  if  he  gets  the  contract,  will  require  more 
money  than  he  would  have  been  willing  to  work  for  had  the 
specifications  been  precise. 

(d)  When  work  is  done  under  national,  state,  or  munic- 
ipal authority,  the  law  usually  provides  that  the  contract 
shall  be  let  to  the  lowest  responsible  bidder;  and  everyone 
has  an  opportunity  to  bid.  On  private  or  railroad  work, 
on  the  other  hand,  usually  a  selected  number  of  contractors 
are  invited  to  bid.  In  the  former  case,  the  architect  or  engi- 
neer has  to  guard  against  a  contractor  taking  advantage  of  loose 
clauses,  and  must  fortify  himself — which  he  usually  does — by 
making  the  terms  as  much  one-sided  as  he  can.  The  con- 
tractor who  knows  him  personally,  who  knows  the  object 
for  which  the  strict  clauses  were  drawn  and  the  extent  to 
which  they  are  to  be  enforced  on  the  work,  is  thus  enabled 
to  make  much  lower  prices  than  the  man  to  whom  the  in« 
dividual  in  charge  is  an  entire  stranger.  This  accounts  for 
part  of  the  large  diversity  of  bids  on  any  public  work,  and 
is  a  further  reason  why  such  bids,  when  published,  are  a 
very  poor  basis  on  which  to  make  estimates. 

The  Contractor 

In  making  estimates,  the  contractor  is  generally  more 
expert  than  the  owner's  engineer  or  architect,  because  he 
is  continually  being  -confronted  with  the  financial  problem, 
and  naturally  makes  more  of  a  study  of  it;  nevertheless 
his  estimates  are  very  difficult  to  make  properly,  for  reasons 
among  which  are  the  following: 
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(a)  The  contractor  rarely,  if  ever,  receives  compensation 
for  his  labor  in  preparing  an  estimate,  and  that  labor  is 
frequently  very  considerable;  therefore  he  makes  the  esti- 
mate with  as  small  a  cost  as  possible  to  himself. 

(b)  The  time  within  which  the  contractor  must  prepare 
his  estimate  is  limited,  and  generally  too  much  limited,  so 
that  he  seldom  has  opportunity  properly  to  investigate  the 
conditions  under  which  he  is  to  bid. 

(c)  When  ten  men  are  to  bid  on  one  piece  of  work,  it  is 
manifestly  unfortunate  that  each  of  the  ten  men  should  pay 
for  an  investigation  which  can  as  well  be  made  by  one;  and 
yet  it  is  seldom  practicable  for  the  bidders  on  a  piece  of 
work  to  combine  and  obtain  all  the  information.  For  in- 
stance, in  a  Job  involving  earth  and  rock  work  for  foun- 
dations, unless  the  job  is  very  large,  the  owner  rarely  makes 
sufficient  test  borings  to  determine  thoroughly  the  existing 
field  conditions;  and  yet  the  total  cost  of  one  investigation 
made  by  the  owner  would  be  very  much  less  than  the  cost 
of  all  the  Investigations  made  by  each  contractor  individ- 
ually. The  owner's  point  is  that  the  successful  contractor 
will  make  enough  money  to  pay  for  the  investigation;  but 
it  is  almost  never  appreciated  that  when  a  contractor  obtains 
a  contract,  he  must  make  enough  profit  to  pay  for  the 
Investigation,  not  only  on  that  contract,  but  for  all  those 
on  which  he  has  been  unsuccessful  as  well;  and  the  aver- 
age of  his  bids  must  therefore  be  correspondingly  higher 
than  if  it  were  the  general  practice  among  owners  to  fur- 
nish complete  statistics  when  asking  for  bids. 

The  writer  had  occasion  to  bid  on  a  large  bridge  for  a 
municipality  in  West  Virginia,  on  which  almost  no  informa- 
tion from  the  municipality  was  forthcoming.  Each  con- 
tractor made  an  investigation  more  or  less  thorough,  and 
was  obliged  to  furnish  his  own  design.  The  result  was 
that  over  fifty  bids,  fifty  investigations,  and  fifty  designs 
were  submitted,  ranging  from  a  minimum  of  about  $40,000  to 
a  maximum  of  about  $140,000.  All  bids  were  rejected;  and 
the  municipality,  reinforced  and  greatly  benefited  by  the  dis- 
cussion that  arose,  re-advertised  for  bids.  It  is  needless  to 
add  that  the  author  did  not  bid  again;  but  the  question 
is:     Who  paid  for  all  those  estimates? 

(d)  After  bidding  upon  work  under  a  certain  architect 
whom  he  knows,  and  whose  attitude  on  certain  clauses  in 
hia  specifications  he  considers  himself  reasonably  able  to 
predict,  the  contractor  may  be  confronted  by  a  change  of 
architects,  and  the  new  man  may  be  more  strict  than  tho 
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old.  This  is  a  danger  more  to  be  feared  in  long  contracts 
than  in  short  ones.  In  the  former  case»  it  is  likely  to  be 
a  very  serious  matter,  and  frequently  offsets  the  advantage 
of  having  time  thoroughly  to  organize  and  systematize  the 
work. 

Remedy.  It  will  be  noted  that  all  of  the  causes  for  in- 
accurate estimates  which  have  been  pointed  out  above  could 
be  very  largely  remedied  if  two  rules  were  rigidly  adhered 
to  by  parties  who  ask  for  bids — ^namely: 

First — Make  specifications  as  specific  as  the  limitations  of 
language  will  permit. 

Second — Obtain  all  available  information  before  asking 
for  bids,  and  furnish  it  to  the  contractors. 

The   Man   in   the   Field 

In  order  to  reduce  costs  in  the  field,  it  is  necessary 
to  make  estimates  so  as  to  know  how  the  work  is  pro- 
gressing. The  field  chief  or  superintendent  frequently  has 
to  make  estimates  of  the  cost  of  work  in  progress. 

Purposes  of  Estimates 

The  purposes  of  an  estimate  are  to  enable  a  contractor 
to  know  what  it  is  going  to  cost  in  money  or  in  time,  or 
both,  to  carry  out  work.  There  is  usually  in  contemplation 
a  contract  of  one  of  the  following  forms:  1.  Lump  Sum; 
2.  Unit-Price;  3.  Cost  plus  a  Fixed  Sum;  4.  Cost  plus  Per- 
centage. 

1.  Lump  Sum  Contracts.  The  first  and  oldest  form  in- 
volves the  describing,  by  means  of  plans  and  specifications, 
what  is  to  be  done;  and  a  guarantee  by  the  contractor  to 
perform  all  the  work  for  a  fixed  consideration.  After  the 
contract  is  signed,  it  is  up  to  the  contractor  to  get  the  work 
done,  and  the  owner  is  supposed  to  have  no  responsibility 
beyond  making  the  specified  payments.  The  contractor  as- 
sumes all  risk,  and  meets  all  difficulties  whether  foreseen  or 
unforeseen. 

2.  Unit-Price  Contracts.  In  the  second  form  of  contract 
mentioned  Bbove — ^the  Unit-Price — the  contractor  receives  an 
established  price  per  yard,  per  pound,  per  ton,  etc.,  and  the 
owner  assumes  responsibility  for  the  quantity.  Since  changes 
in  plan  involving  increase  or  decrease  of  the  amount  of  work 
are  usually  an  accompaniment  of  most  contracts  after  the 
contracts  have  been  signed,  this  type  admits  of  more  elas- 
ticity thaa  the  first  for  meeting  this  condition. 
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3.  Cost  plus  a  Fixed  Sum  Contracts.  Of  late  years.  In 
order  to  permit  of  freedom  in  making  changes  without  in- 
terfering with  the  liability  of  the  parties,  to  save  time,  and 
for  other  reasons,  the  cost-plus-a-flxed-sum  type  of  contract 
has  come  into  vogue.  Its  advantage,  among  others,  is  that 
the  contractor  is  under  no  risk,  and  therefore  cannot  be  put 
out  of  business;  and  where  the  quantity  and  conditions  can- 
not be  determined  beforehand,  it  has  much  merit.  One  argu- 
ment against  it,  from  the  standpoint  of  the  owner,  is  that 
the  contractor,  not  having  anything  to  lose,  will  not  be  likely 
to  strive  so  hard  for  economy  as  he  would  if  he  guaranteed 
the  price. 

4.  Cost  plus  Percentage  Contracts.  The  fourth  form  of 
contract  enumerated  above — Ck)st  plus  Percentage — has  long 
been  used  on  railroad  work,  and  usually  provides  that  the 
contractor  is  to  receive  as  his  compensation  and  for  his 
overhead  charges  a  certain  percentage  of  his  pay-roll,  with 
plant  rental  added.  On  this  basis  the  contractor  has  noth- 
ing to  lose;  and  the  owner  is  at  the  disadvantage  that  the 
less  the  contractor's  economy  of  operation,  the  greater  is 
the  contractor's  financial  gain,  so  that  the  contractor  ap- 
parently has  an  incentive  to  wastefulness.  Many  contracts, 
especially  on  road  work,  require  the  contractor  to  maintain 
the  finished  work  for  a  certain  number  of  years.  This  places 
a  peculiar  hardship  upon  the  contractor  who  is  not  expect^ 
ing  to  remain  long  in  that  locality,  thus  eliminating  the 
Journeyman  contractor.  It  requires,  however,  that  he  shall 
keep  a  considerable  amount  of  money  invested  in  plant  at 
the  call  of  that  particular  Job,  and  therefore  tends  to  impel 
a  conservative  man  to  bid  high. 

Warning.  The  man  who  is  entrusted  with  the  making 
of  important  estimates  has  resting  upon  him  a  large  respon- 
sibility. His  blunders  may  beggar  him  or  his  employer;  yet 
too  often  cheap  men  of  limited  experience  are  employed  on 
this  work,  and  rules  are  accepted  as  substitutes  for  judg- 
ment. To  the  younger  men  of  the  engineering  and  contract- 
ing profession,  it  may  seem  that  estimating  is  easy.  Noth- 
ing could  be  farther  from  the  truth.  All  that  we  can  hope 
to  do  here  is  to  boil  down  some  of  the  gambling  features 
of  estimating,  and  place  it  upon  a  rational  plane.  To  claim 
more  would  be  dishonest  and  misleading.  When  a  man 
says  that  he  can  safely  estimate  the  cost  of  outside  work 
within  two  per  cent  of  performance,  he  may  at  once  be 
written  down  as  a  fool  or  a  liar.  The  difference  in  cost 
between  a  job  that  is  run  with  ordinary  methods  and  ordl- 
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nary  management,  and  the  same  Job  with  proper  cost  analy- 
sis and  thoroughly  up-to-date-management,  handled  with 
push  and  snap,  may  easily  be  30  per  cent;  and  the  claim 
of  ability  to  guess  within  two  or  three  per  cent,  without 
knowing  a  large  number  of  the  uncertain  elements,  is  absurd. 
Therefore,  in  making  use  of  our  instructions,  the  reader  must 
bear  in  mind  that  it  is  not  attempted  to  predict  what  he 
or  his  organization  will  be  able  to  do.  Schedules  are  pre- 
sented, covering  most  of  the  items  on  the  main  classes  of 
work  discussed  in  this  treatise,  the  use  of  which  should 
prevent  many  blunders  of  omission;  but  the  reader  must 
not  understand  that  we  claim  to  have  given  him  a  sub- 
stitute for  brains.  He  must  use  his  own  good  Judgment  in 
every  case. 

GENERAL  RULES  FOR   ESTIMATING 

The  successful  estimator  requires  more  than  mere  ac- 
curacy and  quickness  in  figures.  Experience  and  good  Judg- 
ment, familiarity  with  all  the  complicated  details  of  the  par- 
ticular Job  in  hand — these  are  factors  of  inestimable  value, 
and  they  are  qualities  of  an  indefinable  and  intangible  na- 
ture. The  contractor  should  subscribe  for  the  leading  trade 
journals  covering  such  portions  of  the  construction  field  as 
he  is  interested  in,  and  should  keep  an  eye  on  current  prices 
and  discounts.  He  should  also  make  it  a  practice  in  every 
case  to  file  away  his  estimates,  whether  his  bids  based 
on  them  have  been  successful  or  not.  If  successful,  he 
can  compare  his  estimated  costs  with  those  of 'actual  con- 
struction; and  If  unsuccessful,  he  can  broaden  his  grasp  of 
things  by  noting  in  what  items  his  estimates  have  been  too 
high  or  too  low.  In  the  preparation  of  future  estimates,  he 
will  have  at  hand  a  great  mass  of  data  that  will  be  of 
practical  service.  In  every  case,  we  repeat,  he  must  ac- 
quaint himself  with  conditions,  prices,  and  discounts  current 
In  the  local  market. 

An  estimator  should  rigidly  adhere  to  the  following  gen- 
eral  rules: 

1.  Make   all   estimates   In  the  fullest   possible   detail. 

2.  Get  together  and  classify  all  tiie  available  data  before 
commencing  to  figure. 

3.  Use  a  carefully  prepared  standard  schedule  of  items 
for  the  classification. 

4.  Go  over  the  ground  with  great  care — visiting  the  site 
of  the  work,  if  possible — ^to  guard  against  the  omission  of 
items  not  provided  for  in  the  standard  schedule. 
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5.  Put  down  all  the  unit<|uantitie8  first;  then  all  the 
unit-pricee;  and  finally,  make  the  arithmetical  computatione 
In  8uch  manner  that  you  will  not  know  even  approximately 
the  final  results  until  all  the  figures  have  been  thoroughly 
gone  over  and   tabulated. 

6.  Check  over  the  final  results  by  every  available  means, 
such  as  contract  prices  on  similar  work,  which  are  unsatis- 
factory as  preliminary  data,  but  which  may  be  very  useful 
as  a  check. 

The  reasons  for  these  rules  are  as  follows: 

1.  At  first  sight  it  would  seem  that  it  requires  more 
labor  and  time  on  the  part  of  the  estimator  to  make  esti- 
mates in  elaborate  detail  than  to  make  them  in  general. 
This,  however,  is  not  the  case  according  to  experience,  since 
a  much  larger  part  of  the  detailed  estimate  can  be  done 
mechanically  than  when  many  of  the  items  are  lumped,  and 
because  the  more  elaborate  the  detail,  the  more  confidence 
a  man  has  in  his  own  figures,  and  the  faster  he  is  able  to 
work.  When  an  estimate  is  made  in  careful  detail,  gaps 
in  the  available  information  become  apparent;  and  in  this 
way  it  is  easy  for  an  estimator  to  know  Just  what  infor- 
mation he  lacks,  and  where  the  dangerous  parts  of  his  esti- 
mate are  likely  to  be.  Then,  again,  an  estimate  made  in 
detail  is  much  more  easily  checked  by  the  subordinate  or 
by  the  estimator's  superior  officers;  and,  when  filed  for  ref- 
erence, such  an  estimate  is  a  document  of  great  utility  in 
future  work.  When  the  field  costs  are  properly  prepared, 
they  can  be  used  to  check  up  the  estimate  for  the  work. 
In  a  way  that  is  not  possible  if  the  estimate  is  not  made  in 
full  detail. 

2.  It  is  a  psychological  fact — one  based  on  the  natural 
tendencies  of  the  human  mind — that  if  an  estimate  Is  made 
as  the  figures  come  in,  it  is  impossible  to  obtain  as  good  a 
grasp  of  the  general  problem  as  when  the  data  are  first  col- 
lated, and  the  estimate  then  prepared  on  the  data.  While 
the  estimates  should  be  made  in  full  detail,  this  does  not 
mean  that  they  should  be  made  for  different  Items  of  the 
work  independently,  since  all  parts  of  a  piece  of  construction 
work  are  to  a  large  extent  dependent  upon  one  another; 
and  thus,  if  the  estimated  cost  of  one  item  is  set  down  be- 
fore the  other  items  are  known,  their  interdependence  or 
mutual  relations  will  not  be  appreciatetl  and  will  not  be  al- 
lowed for  in  the  estimate. 

3.  Rolling  off  a  log  is  a  difficult  and  elaborate  feat  com- 
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pared  with  forgetting  items  in  an  estimate;  and  it  has  been 
found,  from  wide  experience,  that  the  best  way  to  avoid 
omitting  Items  Is  to  start  with  a  standard  schedule.  To  write 
a  zero  after  an  item  that  is  not  going  to  come  into  the 
estimate,  takes  practically  no  time;  and  the  use  of  such  a 
schedule  in  all  cases  is  excellent  insurance  against  blunders. 
A  good  plan  is  to  have  such  schedules  in  stock,  printed  on 
sheets  of  coarse-ruled  paper. 

4.  It  is  a  sa4  fact  that  a  great  many  estimates  are  made 
without  the  estimator  ever  seeing  the  work.  This  is  utterly 
wrong;  and  it  should  be  an  invariable  rule  that  the  esti- 
mator must  go  over  the  ground,  and  go  over  it  thoroughly; 
else  it  will  be  impossible  for  him  to  use  the  essential  qual- 
ity of  judgment.  Moreover,  there  is  nothing  like  a  physical 
view  of  the  field  for  enabling  a  man  to  grasp  all  the  de- 
tails of  the  work.  For  this  purpose,  plans  are  of  great 
assistance  in  the  detailed  analysis;  but  they  are  no  substi- 
tute for  a  good  look  at  the  ground. 

5.  An  estimate,  to  be  accurate,  should  be  absolutely  un- 
biased; and  where  a  question  of  judgment  is  Involved,  It  is 
essential  that  the  estimator  make  his  figures  without  regard 
to  what  they  will  amount  to  in  the  grand  total. 

6.  After  the  grand  total  has  been  computed,  it  should  be 
checked;  and  the  checks  may  throw  some  light  upon  er- 
roneous items,  which  can  then  be  corrected.  The  estimator's 
judgment  will  be  a  great  deal  more  accurate  if  he  works 
the  problem  out  in  detail  first,  than  if  he  tries — perhaps 
sub-consciously,  or  without  fully  realizing  the  fact — to  work 
to  a  desired  or  hoped-for  result 

The  practice  of  taking  somebody  else's  contract  price  as 
a  base  of  figuring,  Is  very  deceptive  if  you  do  not  know 
what  specifications  he  had,  how  he  intended  to  do  his  work, 
what  layout  he  anticipated,  and  what  his  financial  arrange- 
ments were.  All  of  these  items  are  of  the  utmost  import- 
ance in  figuring  the  economics,  or  the  financial  features,  of 
any  particular  piece  of  work.  Conditions  vary  in  places 
short  distances  apart;  rates  of  wages  vary  in  different  parts 
of  the  country;  specifications,  and  the  interpretations  of 
identical  specifications  by  different  engineers,  vary  greatly; 
the  bid  prices  are  frequently  too  low  or  much  too  high; 
the  bid  prices  may  be  purposely  "unbalanced" — ^that  is,  made 
abnormally  high  on  certain  items,  and  abnormally  low  on 
others,  but  always  so  as  to  offset  one  another  and  "even 
up"  in  the  grand  total;  a  unit-price  for  a  large  job  is  usually 
too  low  for  a  small  job,  on  account  of  the  falling  percent- 
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ages,  or  relatively  lower  rates,  of  overhead  charges  and 
superintendence  on  the  larger  jobs;  a  contractor  well 
equipped  with  plant  can  usually  bid  lower  than  contractors 
not  so  equipped. 

Hints  for  the  Estimator 

Don't  forget  that  rates  of  wages  are  lowest  in  dull  times 
and  in  winter,  and  highest  in  boom  times  and  in  summer. 

Remember  that  an  allowance  for  discounts  is  not  opera- 
tive when  payment  is  delayed  beyond  the  time  limit. 

Repairs  on  bargain-counter  plant  may  be  three  times  as 
great  as  on  first-class  new  equipment. 

Depreciation  is  afPected  by  a  multitude  of  conditions,  and 
estimates  of  the  amount  for  this  item  should  not  assume  too 
high  a  figure  for  scrap  value. 

The  interest  on  plant  goes  on  whether  the  plant  is  work- 
ing or  not 

If  the  non-paying  part  of  a  Job  has  to  be  done  first,  in- 
terest on  the  loss  will  run  to  the  end  of  the  contract 

In  estimating  the  cost  of  transportation,  give  special  at- 
tention to  the  character  of  available  roads,  the  direction  of 
the  proposed  traffic,  and  the  time  of  year. 

Insurance  against  accidents  depends  upon  the  riskiness, 
not  to  the  plant,  but  to  the  men. 

After  making  an  estimate  in  detail,  lay  it  aside  for  a 
day  or  two  if  possible,  forget  the  figures,  and  then  go  over 
them  again  critically. 

If  someone  else  is  going  to  carry  on  the  work,  take  his 
personality  into  account  in  making  an  estimate  of  how  much 
his  work  is  going  to  cost 

Check  up  an  estimate  against  average  contract  prices, 
selecting  particularly  contracts  where  the  conditions  are  well 
known,  and  selecting  the  contract  bids  from  firms  of  experi- 
ence in  the  line  of  work  in  question. 

Check  over  the  bidding  sheet  to  see  that  it  compares  with 
the  estimate. 

A  long  and  big  job  can  be  estimated  on  more  safely  than 
a  short  and  small  one,  since  the  accidental  conditions  on 
big  work  are  more  likely  to  balance  themselves. 

It  is  not  wise  for  the  contractor  to  figure  on  making  money 
out  of  lawsuits,  as  he  can  generally  make  a  good  deal  more 
money  by  doing  construction  work  on  a  square  basis  than 
he  can  by  providing  a  Job  for  his  lawyer. 

The  worst  estimate  made  upon  even  assumed  data  is  gen- 
erally a  good  deal  better  than  guess. 

The  cost  of  materials  will  vary  from  year  to  year.    A 
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study  should  be  made  of  the  characteristic  fluctuations  in 
prices,  when  figuring  closely,  in  order  that  proper  prices 
of  materials  can  be  determined  for  some  time  In  advance. 

QUANTITIES  TO  BE  CONSIDERED 

The  estimator  will  generally  have  trouble  when  it  comes 
to  the  amount  of  work  to  be  done,  this  usually  being  roughly 
approximated,  with' the  right  to  Increase  or  decrease  it  later. 
A  good  method  is  to  write  down  the  maximum  and  minimum 
amounts  that  are  likely  to  be  involved.  Clauses  in  the  con- 
tract which  enable  the  owner  to  change  the  contractor's 
quantities  without  changing  unit-prices,  should  add  some- 
thing to  the  contractor's  estimate,  for  the  reason  that  there 
is  one  best  plant,  one  best  arrangement,  one  best  organiza- 
tion, and  one  best  outfit  for  every  particular  work.  It  has 
been  shown  that  many  of  the  conditions  which  affect  the 
economy  of  the  work  are  themselves  affected  by  the  quan- 
tities of  work  to  be  done;  and  any  change  on  the  part  of 
the  owner's  mind  affecting  the  quantity  of  work  to  be  done, 
should — but  rarely  does — tend  to  increase  or  decrease  the 
contractor's  unit-price.  In  order  to  guard  against  such  a 
contingency,  the  contractor  should  add  something  to  his 
price  by  way  of  Insurance.  After  an  estimate  has  been 
made,  it  is  a  practice  of  many  contractors  to  unbalance 
their  bids.  A  great  danger  from  this  is  that  the  work 
may  have  to  be  completed  with  quantities  different  from 
what  were  originally  figured. 

The  kind  and  condition  of  the  equipment  available  should 
be  at  hand,  but  is  not  often  turned  over  to  the  estimator, 
unless  he  asks  for  it. 

Frequently  the  name  of  the  man  who  is  going  to  super- 
intend the  work  is  not  known  in  advance,  and  it  should 
be  established  if  possible. 

The  general  layout  of  the  work  can  be  determined  only  by 
a  personal  inspection  of  the  ground;  and  on  this  the  esti- 
mator should  make  copious  notes,  having  special  reference 
to  the  distance  of  railroad  connections,  the  distance  of  the 
railroad  connection  from  shipping  points  of  materials  and 
supplies,  the  character  of  the  country,  the  kind  of  water,  and 
as  many  of  the  local  conditions  as  can  be  reasonably  and 
quickly  noted. 

He  will  find  that  the  time  for  completing  the  contract 
will  usually  be  determined  by  the  business  conditions.  This 
ought  te  be  ascertained  with  considerable  care,  because  upon 
it  depends  the  scale  of  the  work. 
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State  of  the  Labor  Market.  It  is  difficult  to  predict  thlB 
two  or  three  years  in  advance.  In  unfamiliar  territory,  If 
the  padrone  system  is  in  use  in  the  neighborhood,  it  is  not 
difficult  to  obtain  from  the  nearest  padrone  (importer  of  for- 
eign labor)  an  estimate  of  how  many  men  he  can  furnish^ 
and  then,  by  cutting  the  estimate  in  two,  get  somewhere  near 
the  probabilities.  If  it  is  necessary  to  board  or  transport 
the  men,  a  provision  for  this  should  be  made  in  the  estimate. 

Earth  and  Rock  Work.  This  is  perhaps  one  of  the  most 
important  items,  and  one  of  the  hardest  to  establish,  be- 
cause of  the  expense  attendant  upon  the  digging  of  test 
borings,  making  borings,  etc.  Personal  inspection,  where  a 
man  has  had  considerable  experience,  will  go  a  long  way 
toward  helping  out;  but  in  earth  and  rock  work  a  certain 
amount  of  boring  is  absolutely  necessary  for  proper  results. 

Management.  The  method  of  managing  should  be  under- 
stood before  the  estimate  is  to  be  made.  If  upon  the  work 
a  bonus  system  and  cost  analysis  are  to  be  used,  prices  can 
be  materially  lower  than  when  the  ordinary  day  labor  method 
is  to  be 'employed.  Just  how  much  lower,  is  a  matter  of 
judgment;  but  from  past  experience  it  may  safely  be  said 
to  range  from  about  10  to  about  40  per  cent — ^wlth  20  per 
cent  as  a  safe  average  on  general  work. 

If  electric  power  is  available,  the  fact  should  be  care- 
fully noted. 

The  kind  of  supplies  readily  available,  and  their  cost  on 
the  work,  should  be  estimated,  not  neglecting  the  water 
problem.  The  cost  of  coal  of  good  quality  will  vary- a  great 
deal;  and  if  a  poor  quality  has  got  to  be  used,  a  very  much 
larger  amount  should  be  allowed  for  than  if  the  quality  were 
good. 

It  Is  well  to  put  the  item  tools  in  the  estimate,  as  the  esti- 
mator is  more  likely  to  know  the  proper  kind  and  size  of 
tools  than  the  purchasing  agent,  and  it  serves  as  a  useful 
reminder.  Shovels  of  the  proper  size,  for  example,  may  not 
be  locally  purchasable  on  short  notice. 

Whether  or  not  to  work  night  shift  can  be  determined 
by  estimating  the  necessary  daily  output  to  complete  the 
work  in  time;  and  if  this  daily  output  cannot  be  safely 
reached  with  the  labor  available  by  day,  night  shift  must 
be  figured  on.  If  one  night  shift  is  employed,  from  7  to 
10  per  cent  should  be  added  to  the  labor  cost;  while,  if 
two  night  shifts  are  to  be  put  on,  10  to  12  per  cent  of  the 
unit  labor  cost  should  be  added,  since  the  output  per  man 
working  night  shift  is  likely  to  be  from  15  to  20  per  cent 
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less  than  by  day.  Of  course,  Judgment  must  be  used  here, 
depending  upon  the  kind  of  work,  conditions,  etc.  Night 
shifting  in  summer  Is  a  much  simpler  matter  than  in  winter. 

The  weather  is  the  greatest  controlling  factor,  excepting 
in  tunneling  and  on  the  interior  parts  of  building  to  be  done 
after  the  roof  is  on;  and  the  probable  number  of  work- 
ing days  on  a  short  Job  cannot  be  estimated,  except  at  con- 
siderable risk.  Therefore,  when  the  Job  is  small,  the  unit- 
prices  have  to  be  assumed  higher  on  this  account  than  when 
the  work  is  of  long  duration  and  the  average  weather  counted 
on.  When  the  work  is  to  be  done  in  an  unfamiliar  climate 
in  the  United  States,  the  records  of  the  Weather  Bureau 
can  be  consulted,  either  by  personal  inspection  or  by  writ- 
ing to  the  Observer;  and  from  these  records  the  probable 
number  of  rainy  days  and  days  ^f  excessive  frost  can  be 
quite  closely  estimated  if  the  work  is  to  be  of  long  duration. 
This  should  always  be  done  as  carefully  as  possible,  since 
the  weather  is  economically  one  of  the  most  important  field 
conditions  to  be  considered. 

A  working  day  is  a  day,  not  a  holiday,  suitable  for  work. 
If  the  day  is  not  a  holiday,  and  is  suitable  for  a  working 
day,  whether  work  is  done  or  not,  that  day  is  a  working 
day. 

Amount  of  Capital  Involved 

Equipment.  It  is  usually  not  difficult  to  estimate  with  rea- 
sonable accuracy  how  much  plant  will  be  necessary,  pro- 
vided that  the  working  conditions  are  well  established. 
Where  drilling  is  to  be  done,  the  maximum  and  minimum 
average  performance  per  drill  must  be  determined  from  an 
inspection  of  the  local  conditions.  It  should  be  borne  in  mind 
that  under  ordinary  working  conditions  from  10  to  20  per 
cent  of  the  drilling  equipment  will  be  in  the  shop  for  re- 
pairs, and  that  a  surplus  of  at  least  15  per  cent  should  be 
provided.  Extra  drills  can  easily  be  procured  at  compara- 
tively short  notice;  but  extra  steam  or  air  service  cannot, 
and  therefore  a  more  liberal  margin  should  be  provided  for 
the  boilers  and  compressors  than  the  actual  number  of  drills 
to  be  taken  on.  Liberal  allowance  should  be  provided  for 
pipe  lines  and  for  connections,  whenever  the  work  is  to  be 
done  in  cold  weather. 

For  the  process  of  loading.  In  the  case  of  large  Jobs,  the 
grab  bucket,  the  steam  shovel,  or  the  derrick  and  skips  are 
the  logical  types  of  equipment,  with  the  advantages  lying 
in  the  order  named;  and  given  the  conditions  and  class  of 
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work,  a  fairly  close  approximation  of  the  cost  of  equipment 
can  be  very  rapidly  made.  It  is  necessary  to  be  very  care- 
ful to  make  a  proper  allowance  for  lost  time. 

Before  deciding  upon  cost  of  transportation,  it  is  neces- 
sary to  have  some  approximate  idea  of  the  grades  to  be 
worked  over;  and  in  wagon  work  the  assumed  net  load 
which  can  be  safely  handled  upon  the  roads  in  their  prob- 
able condition  will  determine  this  factor. 

On  large  Jobs,  10  per  cent  should  be  allowed  for  equip- 
ment undergoing  repairs.  In  estimating,  it  is  wise  to  figure 
on  standard  ordinary  equipment  wherever  possible.  Bear  in 
mind  that  an  engine  cannot  operate  for  many  months  with- 
out thorough  overhauling. 

One  pick  to  every  two  shovels.  The  cost  of  tools  per 
cubic  yard  handled  is  trifling. 

A  close  estimate  of  the  cost  of  temporary  buildings  can 
be  made  by  roughly  figuring  the  cubical  contents  necessary, 
then  the  amount  of  square  feet  of  wall  surface  and  parti- 
tions. The  cost  of  a  building  should  never  be  guessed  at 
In  a  lump,  as  it  depends  upon  the  available  material. 

Cash  Capital.  On  a  good-sized  piece  of  work,  $200.00  for 
petty  cash  on  a  job  is  ordinarily  ample  to  take  care  of 
express  charges,  etc.  The  amount  of  the  pajr-roll  per  month 
will  depend  upon  the  number  of  men  employed;  and  when 
monthly  settlements  are  made  about  two  weeks  after  the  end 
of  the  month,  this  amount  will  have  to  be  "carried  "  so  that 
about  half  or  two-thirds  of  the  average  pay-roll  for  the 
entire  job  will  have  to  be  considered  as  continually  losing 
interest 

This  amount  df  capital  to  be  considered  available  is  in 
the  nature  of  an  insurance  fund  against  emergencies;  and 
the  more  risky  the  nature  of  the  work,  the  larger  it  should 
be.  Ordinarily  the  interest  upon  this  is  comparativly  in- 
significant. 

Storage.  The  contractor  must  make  a  list  of  the  approxi- 
mate amount  of  material  to  be  kept  continually  on  hand, 
which  will  vary  with  different  classes  of  work  and  the  facili- 
ties that  must  be  provided  for  storage.  Where  a  stock  pile 
is  to  be  used,  the  preliminary  work  of  getting  ready  the 
ground,  erecting  a  handling  plant,  etc.,  is  a  part  of  this  Item, 
which  also  includes  the  salary  of  the  storekeeper,  who  looks 
after  not  only  the  storage  of  the  material  but  also  that 
of  plant  and  supplies.  The  cost  of  rehandllng  material  may 
be  classified  either  as  storage  or  as  preparatory  charges. 
The  storekeeper,  supplies,  stationery,  coal  to  warm  the  store- 
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house,  as  well  as  necessary  material  for  labor,  should  not  be 
forgotten.  For  the  total  costi  or  storage,  5  per  cent  of  the 
actual  value  of  small  tools  and  material,  ignoring  storage 
of  large  plant  on  average  construction  work.  Is  liberal. 

Bonus  qr  Ditccuhts.  This  item  depends  largely  upon  the 
particular  business  followed.  If  the  contractor  is  figuring 
to  earn  a  bonus  on.  the  contract  price  by  getting  through 
before  the  time  limit,  such  being  provided  in  the  contract,  it 
should  appear  in  the  estimate;  and,  as  offsetting  this,  what 
he  can  lose  by  delay  should  also  appear  in  the  estimate. 
Not  long  ago,  one  of  the.  largest  cities  in  the  United  States 
paid  for  a  considerable  amount  of  work  in  bonds  at  par, 
which  several  contractors,  needing  the  money,  sold  at  a 
discount  of  not  far  from  3  or  4  per  cent,  as  it  was  not  con- 
venient for  the  city  to  raise  the  money  on  short  notice. 
It  is  safe  to  say  that  this  had  not  been  figured  on  in  their 
estimates. 

Charity  or  Accidents.  This  is  an  item  about  which  it  is 
practically  impossible  to  give  advice  in  advance.  The  first 
part  of  it  covers  a  good  many  sins  and  other  things  in  con- 
tract work,  while  accidents  are  generally  provided  against, 
as  far  as  possible,  by  insurance.  Where  the  insurance  com- 
panies refuse  to  Insure,  the  contractor  has  got  to  provide 
against  this  item  in  the  estimate  somehow;  and  it  is  well 
to  estimate  the  rate  that  the  insurance  companies  would  be 
likely  to  insure  for  if  their  rules  did  not  prevent  them  from 
doing  so,  and  to  multiply  this  rate  by  about  two. 

A  contractor  is  supposed  to  assume  certain  risks;  but, 
as  pointed  out  by  Colonel  Raban,  of  the  Institution  of  Civil 
Engineers  of  Great  Britain,  it  is  another  question  whether 
all  of  the  risks  should  be  put  upon  the  contractor.  Risks 
from  weather,  the  problems  of  handling  men,  and  the  general 
vagaries  that  go  with  all  construction  work,  are  probably 
the  contractor's  risk;  but,  when  held  up  by  strikes,  or  by 
eventualities  that  are  not  peculiar  to  his  line  of  business,  it 
seems  unreasonable  to  shift  these  risks  to  the  contractor's 
shoulders,  and  thus  needlessly  raise  his  estimate. 

Depreciation.  No  other  part  of  the  estimator's  task  will 
call  for  the  exercise  of  more  careful  Judgment  than  the  de- 
termination of  the  percentages  of  depreciation. 

Fire  Insurance.  For  brick  buildings  and  for  dwellings 
and  their  contents,  the  rate  in  the  eastern  part  of  the  United 
States  ranges  from  %  per  cent  to  1^  per  cent  for  three 
years.  For  a  plant  such  as  in  use  in  the  Hudson  River 
Trap  Rock  Quarries,   the   rate  is   from   2   to   2V^    per  cent 
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per  year.  The  rates  vary  widely  with  different  localities 
and  with  different  kinds  of  buildings  or  equipment  insured; 
and  where  a  general  approximation  is  not  sufficiently  definite, 
the  estimator  will  have  to  go  to  the  nearest  fire  insurance 
agent,  who,  with  the  idea  of  getting  business,  will  be  so  keen 
to  furnish  him  with  information  as  to  make  it  a  pleasure  to 
ask  for  it 

Rent.  This  depends  entirely  upon  the  local  conditions, 
and  can  be  obtained  by  the  writing  of  a  postal  card  to  some 
representative  agent  in  the  vicinity. 

Interest.  This  may  be  ordinarily  assumed  as  a  fair  aver- 
age at  6  per  cent  per  annum,  or  H  P^r  cent  per  month. 
In  times  of  financial  stress,  or  in  certain  parts  of  the  United 
States  where  money  is  scarce,  the  rates  will  be  higher  than 
this.  For  a  year  or  two  after  a  panic,  and  on  good  col- 
lateral, money  can  often  be  borrowed  for  as  low  as  4  per 
cent. 

Preparatory  Costa.  The  best  way  to  get  a  good  estimate 
on  the  preparatory  costs  is  to  interview  the  man  who  is 
going  to  take  charge  of  the  Job  on  the  ground,  and  go  over 
with  him  in  detail  how  many  men  he  is  willing  to  undertake 
to  get  into  full  operation  with,  and  how  long  it  will  take  him 
to  organize. 

Advertising.  This  is  an  overhead  charge  depending  upon 
the  policy  of  the  manager. 

Repairs.  The  estimator  must  use  his  best  judgment  on 
this  difllcult  and  perplexing  item. 

Burglary  insurance.  This,  like  fire  insurance,  will  depend 
upon  local  conditions  and  the  state  of  mind  of  the  insurance 
companies.  For  private  dwellings,  the  rates  in  some  com- 
panies are  $12.50  per  thousand  dollars  per  year,  or  1^  per 
cent  per  year.  Where  it  is  not  thought  advisable  to  pur- 
chase burglary  insurance,  the  estimator  should  nevertheless 
realize  that  theft  is  possible  if  not  likely,  and  it  is  wise 
to  allow  about  2^  per  cent  of  the  value  of  the  constant  stock 
of  small  tools  and  supplies  on  the  work  for  this  item. 

Freight,  Express,  etc.  This  must  depend  upon  the  class  of 
material  handled,  the  distance  to  be  hauled  along  the  rail- 
road, and  the  amount  of  competition  between  roads.  It  will 
be  more  in  sparsely  settled  country  than  where  there  is  much 
competition. 

Bond.  From  a  well-known  indenmity  company,  in  1909, 
when  a  bond  is  in  favor  of  New  York  City  and  is  for  60 
per  cent  or  more  of  the  contract  price,  ^  to  1  per  cent 
of  the  bond  is  charged.    When  it  is  less  than  50  per  cent. 
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%  of  1  per  cent  Is  charged.  The  minimum  charge  is  110.00. 
All  other  honds  cost  %  to  1  per  cent  of  contract  price. 
Bonds  on  contracts  for  furnishing  supplies  only  (no  labor) 
cost  %  of  1  per  cent  of  contract  price. 

ESTIMATED  UNIT-COST 

Hourly  Direct  Labor.  From  his  general  experience  and 
what  information  he  can  gather  from  published  data,  the 
estimator  is  in  a  position  t6  determine  with  fair  accuracy 
between  what  limits  he  can  reasonably  expect  to  come  on 
the  item  of  direct  labor,  which  is  the  fundamental  labor 
charge  and  which  ought  to  be  nearly  proportional  to  the 
actual  amount  of  work  accomplished. 

Weekly  and  Monthly  Labor.  This  can  be  selected  as  a 
percentage  of  the  item  above  mentioned*  and  depends  very 
largely  upon  the  local  conditions,  number  of  men  employed, 
etc.  Where  there  is  a  large  amount  of  plant,  such  as  steam 
shovels,  hoists,  drills,  etc.,  it  may  run  as  high  as  15  per 
cent  maximum.  For  average  work  it  is  likely  to  be  about 
%  of  this. 

Superintendence.  This  is  likely  to  vary  from  10  per  cent 
to  20  per  cent  of  the  direct  labor  pay-roll.  It  will  be  more 
on  small  work,  and  less  on  large  work.  On  large  work,  it  is 
generally  too  small  for  true  economy. 

Materials.  The  amount  of  these  to  allow  for  can  be  fig- 
ured from  the  plans  of  the  finished  work.  A  percentage, 
generally  not  less  than  3,  should  be  allowed,  for  loss  in 
h9iidling,  shortage  in  shipment,  etc. 

Supplies.  Such  as  coal,  oil,  waste,  etc.  This  item  should 
be  carefully  gone  into,  and  rates  obtained  when  the  work 
is  large  or  far  from  a  base  of  supplies. 

Miscellaneous.  It  is  a  practice  of  many  estimators  to  add 
from  5  per  cent  to  10  per  cent  to  their  estimate  for  mia- 
cellaneous  and  contingencies.  The  more  -the  detail  of  the 
estimate,  the  less  the  necessity  for  a  large  amount  for  this 
item.  Miscellaneous  items  can  cover  possible  inefficiency 
of  laborers,  strikes,  rise  In  rates  of  wages,  or  unforeseen  con- 
tingencies. From  5  per  cent  to  20  per  cent  of  estimated 
labor  cost.  Is  a  fair  allowance.  It  Is  an  item  used  to  insure 
against  oversight  or  ignorance  In  making  up  an  estimate. 
On  materials  the  prices  of  which  can  be  obtained  before 
putting  in  a  bid,  there  is  no  necessity  for  these. 

Profit.  The  estimator  can  figure  his  grand  total  of  cont, 
to  which  should  be  added  a  percentage  for  profit.  On  small 
work  where  the  risk  is  large,  this  should  be  high;  and  on 
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large  work  where  the  risk  is  small,  it  may  be  as  low  as 
10  per  cent  when  there  is  competition.  The  profit- should 
not  only  take  care  of  the  risks  of  the  boslness  that  cannot 
be  or  are  generally  not  included  in  the  above  items;  but 
it  should  also  take  care  of  the  compensation  to  the  stock- 
holders, or  to  the  contractor  himself  for  his  time  and  skill 
and  risk  in  organizing  the  business  and  keeping  it  going. 
Thus,  on  certain  work,  25  per  cent  or  30  per  cent  is  not  an 
excessive  profit 

COST  ANALYSIS 

Only  very  few  contractors  who  handle  construction  work 
have  what,  in  plain  words,  might  be  called  a  truly  "intelli- 
gent" idea  of  the  actual  cost  of  the  same,  until  the  work  is 
finished  and  all  accounts  settled.  Then  they  find,  in  a  great 
many  cases,  that  the  work  has  either  caused  them  a  direct 
loss,  or  has  earned  but  a  small  margin  of  profit 

The  common  lack  of  judgment  in  making  up  estimates  of 
cost  when  submitting  bids,  may  be  laid  to  one  or  all  of  throQ 
things: 

1.  The  comparative  newness  of  the  particular  form  of 
construction  to  the  contractor; 

2.  The  lack  of  system  in  making  up  estimates,  thereby 
omitting  important  details; 

3.  The  application  of  methods  and  costs  which  were  sue* 
cessful  in  one  locality  or  for  one  class  of  work,  to  another 
locality  or  to  another  class  of  construction. 

If  a  search  is  made  through  the  current  engineering  pub- 
lications, it  will  soon  be  noticed  that  the  ordinary  contractor 
who  wishes  to  build  a  residence  or  small  building,  using,  say, 
concrete  as  the  material  of  construction,  is  confronted  with 
a  mass  of  data  and  costs  relating  to  such  structures  as  dams, 
large  retaining  walls,  city  sewerage  systems,  and  filtration 
plans,  pavements  in  large  quantity,  and  accounts  of  other 
massive  construction,  which  do  not  fit  his  case  at  all,  and 
which,  in  the  majority  of  instances,  would  be  ruinous  if  he 
used  the  figures  given  in  making  up  his  own  bid  or  estimate 
of  cost  It  is  true  that  similar  work  in  the  same  locality, 
built  under  the  same  conditions  as  existent  in  previous 
structures,  may  be  estimated  with  a  reasonable  degree  of 
exactness;  but  successful  contractors  do  not  seem  to  have 
arrived  at  the  stage  yet  where  they  are  anxious  to  make 
known  the  means  of  their  success,  and  allow  their  com- 
petitors to  reap  the  result  of  their  years  of  systematizing 
and  well-remembered  losses. 
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If  the  methods  used  hy  these  successful  contractors  were 
closely  investigated,  the  results  would  show  that  system  was 
at  the  bottom  of  the  whole  matter.  Carefully  kept  records 
of  similar  work,  modified  by  the  changes  in  the  prices  of 
materials  and  labor,  form  one  guide-post  in  the  path  of  suc- 
cessful estimating.  A  piece  of  work  to  be  figured  on  should 
be  carefully  analy^sed,  separating  each  kind  of  material, 
each  kind  of  labor,  the  amounts  of  all  component  parts,  the 
likelihood  of  loss  at  any  point  during  the  construction,  tne 
cost  of  plant  necessary,  interest  on  money  necessary  to  carry 
the  contract,  and  all  details  which  might  in  any  way  affect 
a  fair  profit  on  the  work  in  hand. 

The  general  scheme  of  such  a  system  is  outlined  in  a 
paper  read  before  the  American  Society  of  Engineering  Con- 
tractors by  Mr.  Gustavo  Kaufmann,  and  is  broad  enough  to 
allow  for  variation  in  the  method  of  handling  details  in  each 
individual  case.  In  regard  to  his  system,  Mr.  Kaufmann 
says:  / 

"The  desirability  of  contractors  throughout  the  country 
adopting  a  uniform  system  of  keeping  their  accounts  is  very 
great  The  main  advantage  is  that  gradually  all  engaged 
in  contracting  work  will  become  familiar  with  what  it  actu- 
ally costs  them  to  do  their  work;  and  the  very  wide  varia- 
tion of  bids  which  are  now  submitted  at  almost  all  lettlngs 
will  eventually  be  done  away  with.  It  should  prevent  all 
but  the  most  reckless  from  making  proposals  below  cost  If 
these  very  desirable  results  are  finally  attained,  the  con- 
tractor's business  will  become  a  more  stable  one,  and  one  in 
which  banking  houses  especially  would  have  more  confidence 
than  they  have  at  present 

"The  uniform  system  adopted  should  be  simple,  inexpen- 
sive to  keep,  and  should  have  wide  flexibility  to  permit  its 
application  to  contracts  of  all  kinds.  The  author  has  for  a 
great  many  years  been  using  a  system  deduced  from  the 
bookkeeping  methods  of  our  railroad  companies,  which  he 
has  found  to  be  satisfactory  in  all  respects. 

"There  are  six  general  headings  into  which  all  contract 
work  must  be  divided.     They  are  as  follows: 

(a)  Materials  of  Construction. 

(b)  LAbor. 

(c)  Supplies. 

(d)  Plant 

(•)     General  Expense  or  Administration  Charges, 
(f)     Profit 


GENERAL  PRINCIPLES  31 

"All  general  heads  Into  which  any  contract  la  classified^ 
such  as  excavation,  concrete,  masonry,  etc.,  must  he  sub- 
divided into  such  detail  as  may  be  desired,  keeping  constantly^ 
In  mind  the  above  headings. 

"For  the  purpose  of  explanation,  it  is  probably  better  to 
take  an  example  of  actual  work.  Let  it  be  supposed  that  the 
construction  of  a  reinforced  concrete  retaining  wall  is  to  b» 
undertaken,  the  work  to  consist  of  excavation,  concrete,  and 
steel  reinforcement.  The  heading  Excavation  would  be  di- 
vided as  follows: 


Labor-^ 

1.  Excavating  in  Trench. 

2.  Hoisting  Excavated  Material. 

3.  Trucking. 

4.  Back-filling. 

6.    Shoring  and  Sheeting. 

Supplies — 

6.  Coal. 

7.  OIL 

8.  Water. 

9.  Miscellaneous. 

Plant- 

10. 
11. 
12. 

Cost  Delivered. 

Maintenance. 

Removal. 

General   Expenae— 
13.    General  Expense. 

Expenditures  during  the  execution  of  the  work  would  bo 
distributed  as  Excavation  Nos.  1,  2,  3,  etc. 

"Concrete  could  be  divided  as  follows: 
Materials  of  Construction — 

1.  Cement  Delivered. 

2.  Sand  Delivered. 

3.  Stone  or  Gravel  Delivered. 

4.  Facing   Material  Delivered. 

6.    Lumber  for  Forms  Delivered. 

6.  Cement  Bags. 
Labor— 

7.  Mixing  Concrete. 

8.  Transporting  Concrete. 

9.  Depositing  Concrete. 
10.    Making  Form& 
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11.  Erecting  Forms. 

12.  RemoTlng  Forms. 

13.  Facing. 
Supplies — 

14.  Coal. 

15.  Oil. 

16.  Water. 

17.  Miscellaneous. 
Plant- 
is.    Cost  Delivered. 

19.  Maintenance. 

20.  Removal. 
General   Expense — 

21.  General  Expense. 
Profit. 

''Steel   Reinfbrcement  could  be  divided  as  follows: 
Materials  of  Construction — 

1.  Bars  Delivered. 

2.  Wire  Delivered. 
Labor— 

3.  Storing  and  Distributing  Steel. 

4.  Bending  Steel. 

5.  Placing  Steel. 
Supplies — 

6.  Miscellaneous. 
Plant— 

7.  Cost  Delivered. 

8.  Maintenance. 

9.  Removal. 
General  Expense— 

10.    General  Expense. 
Profit- 

"It  should  be  noted  that  in  each  of  the  above  subdivisions 
the  general  headings  are  always  included. 

"The  General  Expense  or  Administration  Account  should 
be  subdivided,  for  example,  as  follows: 
General  Expense— 

1.  Engineering. 

2.  Bookkeeper,  Stenographer. 

3.  Timekeeper,  Storekeeper. 

4.  Telephone,  Stationery,  Sundries. 
6.    Rentals. 

6.  Legal  E2xpense. 

7.  Surety  Bond. 
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8.  Liability  Insuranca 

9.  Watchmen. 

10.    Interest  and  Discount 

"In  preparing  a  bid  for  work  of  this  character,  the  cost 
of  each  one  of  the  above  items  should  be  carefully  esti- 
mated with  the  best  data  available;  and  the  charges  for  the 
'general  expense,  plant,  and  profit  should  then  be  apportioned 
to  the  various  items  of  the  work  as  above  indicated  in  accord- 
ance with  their  relative  value.  In  this  way  the  unit-price 
that  should  be  submitted  for  the  excavation,  concrete,  and 
steel  reinforcement  can  be  determined.  If  such  a  method 
of  computing  would  be  adopted  by  all  competitors,  then 
there  would  be  but  little  variation  in  their  bids,  and  surely 
the  low  bidder  could  not  be  very  much  too  low.  The  method 
which  is  used  by  so  many  contractors  at  the  present  time, 
of  jumping  at  the  price  that  they  should  submit,  is  one  that 
cannot  be  too  strongly  condemned. 

"When  the  work  is  started,  ledger  accounts  should  be 
opened  with  each  item  as  above  enumerated. 

"The  general  expense  account  should  be  kept  separately 
with  subdivisions  as  above  suggested;  and  then,  at  intervals, 
by  means  of  journal  entries,  should  be  transferred  to  the  ex* 
cavation,  concrete,  and  reinforcement  accounts,  using  the 
same  percentages  of  the  apportionment  which  were  used 
in  making  the  proposal.  By  simply  adding  up  all  the  ac- 
counts of  any  one*^  class  and  dividing  them  by  the  amount 
of  work  done,  the  cost  of  execution  at  any  stage  of  the 
work  can  ^readily  be  determined. 

"The  books  required  for  such  a  system  of  accounts  are 
of  the  simplest  character,  and  can  be  purchased  at  any  sta- 
tionery store.  They  consist  of  cash  book,  ledger,  journal,  and 
Toucher  book. 

"The  voucher  system  should  be  used.  As  is  well  known, 
under  this  system  all  bills  and  pay-rolls  are  inclosed  in  a 
blank,  on  the  back  of  which  is  a  phice  for  distributing  the 
amount  to  the  proper  accounts. 

"If  it  is  desirable  to  keep  a  running  account  with  the 
parties  with  whom  much  business  is  done,  their  vouchers  can 
be  credited  to  them,  charged  to  the  voucher  account,  and 
placed  among  the  paid  vouchers. 

"In  the  case  of  a  contracting  concern  carrying  on  a 
number  of  contracts  at  the  same  time,  ledger  accounts  should 
be  started  with  the  contracts  thems^ves,  each  given  a  num- 
ber and  a  subsidiary  set  of  books  kept  for  each  contractor. 

"In  order  to  aid  in  the   distribution  of  the  pay-roll,   a 
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system  of  cards  may  be  used,  upon  which  are  placed  the 
amount  of  labor  expended  under  each  head  for  each  day. 
This  work  is  usually  done  by  the  assistant  engineer  from 
the  reports  of  the  timekeeper  and  the  foreman  of  the  various- 
gangs.  One  set  of  cards  is  used  for  each  week.  These  cards 
are  very  valuable  for  keeping  track  of  labor  costs,  checklng^ 
the  pay-roll,  and  should,  if  properly  kept  up,  prevent  all 
disputes  or  padding  of  pay-rolls. 

"As  can  be  readily  seen,  the  above  system  as  outlined  can 
be  used  for  any  kind  of  contract  work,  the  headings  beingr 
arranged  to  suit  the  work  on  hand.  These  headings  can  be 
subdivided  to  any  refinement  desired  by  the  contractor. 

"The  system  is  very  inexpensive,  as  it  requires  no  elab* 
orate  forms  and  no  more  help  than  is  usually  required.  As 
far  as  the  author,  aided  by  many  years  of  experience,  Is 
Htble  to  Judge,  it  meets  all  the  requirements  that  a  uniform 
system  of  accounts  can  need." 

Cost  Data  from   Experience 

In  order  to  show  the  importance  of  a  carefully  followed 
system  in  determining  the  actual  costs  of  work,  and  to  illus- 
trate the  care  used  in  obtaining  reliable  data  by  some  of 
the  large  and  successful  contracting  companies,  we  are  quot- 
ing the  following  from  a  paper  read  by  Mr.  Leonard  C. 
Wason,  President  of  the  Abertlaw  Construction  Co.,  of  Bos- 
ton, Mass.,  before  the  National  Association  of  Cement  Users: 

"The  writer  is  going  to  give,  in  the  course  of  this  paper» 
some  actual  job  costs  of  various  parts  of  building  construc- 
tion from  his  own  experience.  This  kind  of  data  is  usually 
guarded  with  the  greatest  of  care  from  every  interested  or 
curious  eye  outside  the  firm  possessing  it,  and  often  even 
from  the  trusted  employee  of  the  company.  It  is  information 
usually  known  only  to  the  manager  or  owners  of  a  construc- 
tion company,  and  kept  by  them  under  lock  and  key. 

"A  great  many  builders  are  taking  up  this  type  of  con- 
struction (reinforced  concrete)  •  at  the  present  time — some 
who  are  competent,  many  who  are  not.  The  novices  under- 
estimate the  cost  and  difficulties  of  doing  good  work;  hence 
they  bid  unreasonably  low,  lose  money,  and  to  some  extent 
demoralize  the  true  value  of  proper  workmanship  among^ 
architects,  engineers,  and  their  clients.  In  the  writer's  opin- 
ion there  is  no  class  of  construction  where  more  painstaking 
skill  and  often  technical  knowledge  is  required  than  in  rein- 
forced concrete.  When  well  done,  the  resulting  building  Is 
satisfactory  to  the  owner  beyond   that  obtained  from  any 
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other  material;  and  when  poorly  done.  Is  the  least  desirable, 
even  If  not  actually  dangerous.  Concrete  Is  either  good  or 
bad.  There  Is  no  half-way  state,  and  the  difference  in  cost 
of  materials  to  the  builder  between  perfect  results  and  a  dan- 
gerous structure  is  only  5  per  cent.  Therefore  there  Is  likely 
to  be  serious  injury  done  to  a  rapidly  growing  industry  by 
novices,  either  on  account  of  ignorance,  though  coupled  with 
honest,  well-meaning  intent,  or  through  skimping  a  Job  on 
which  the  novice  sees  he  is  sure  to  lose  money.  Moreover, 
the  older  firms  in  the  field  have  little  to  fear  from  the 
beginning,  because  so  much  depends  on  the  personal  ability 
as  well  as  experience.  With  growing  competition,  improve- 
ments are  constantly  being  developed.  The  standard  of  cost 
is  not  y^t  fixed,  but  is  being  reduced  steadily.  The  desire 
of  reducing  the  present  wild  bidding  and  having  only  in- 
telligent competition,  as  well  as  saving  some  poor  builder  a 
loss  he  cannot  afford,  is  the  real  inspiration  of  this  paper. 

''Method  of  Collecting  Data.  In  order  to  have  an  intelli- 
gent understanding  of  the  meaning  of  the  figures  hereinafter 
given,  the  method  of  collecting  data  will  first  be  described. 

"In  making  up  an  estimate  of  the  cost  of  a  building,  in 
scaling  the  plans,  .it  is  found  convenient  to  take  off  the  vol- 
ume of  excavation  and  back-filling.  The  cubic  feet  of  foot- 
ings, foundations,  and  walls,  the  square  feet  of  forms  for 
walls  of  foundations  and  above  grade,  the  linear  feet  of  belt- 
courses,  mouldings,  cornices,  etc.  Also  the  size  of  special 
features  of  exterior  treatment  Similarly,  the  superficial 
areas  of  colunm  and  fioor'  forms  are  measured  by  them- 
selves. Concrete  of  each  different  mixture  is  scaled  off  in 
cubic  feet  and  totaled  separately.  Steel  of  each  kind  Is  taken 
off  in  pounds;  granolithic  finiehed  surfaces,  in  square  feet; 
and  so  on  in  detail;  every  item  is  measured. 

"As  the  worlrprogresses,  it  is  desired  to  know  weekly  how 
the  actual  experience  compares  with  the  estimate,  and,  at 
completion,  to  compile  correctly  the  costs  of  each  item  to  com- 
pare with  estimate  and  to  aid  in  obtaining  the  true  cost  of 
future  structures  of  a  similar  kind.  The  method  of  account- 
ing was  developed  to  fit  the  estimate. 

"In  the  year  1898,  dally  time  reports  were  designed,  hav- 
ing a  number  of  columns  for  ease  in  subdividing  the  time 
of  the  workman.  At  the  head  of  each  column,  the  time- 
keeper puts  index  numbers  or  letters  to  show  the  kind  of 
work  being  done;  and  below,  the  actual  time  the  men 
worked.  On  blank  spaces  at  extreme  right  of  the  report, 
the  timekeeper  inserts  in  writing  the  amount  of  each  kind 
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of  work  done  and  the  amounts  of  the  principal  materials 
used.  The  experience  of  eight  years  has  required  no  change 
whatever  in  the  principles  first  adopted.  The  only  change 
in  the  forms  has  been  to  increase  the  number  of  vertical 
columns  so  that  a  larger  number  of  subdivisions  can  be  used 
without  troubling  the  timekeeper  to  rewrite  the  names  on 
another  sheet.  At  the  present  time,  fen  vertical  colunms 
are  used  for  recording  time  with  the  names  of  the  workmen 
at  the  extreme  left,  two  columns  being  left  at  the  right  for 
the  rate  per  hour  and  the  total  amount.  At  the  beginning 
of  a  Job,  written  instructions  are  given  as  to  how  the  work 
is  to  be  subdivided  into  items  in  the  reports." 

A  standard  method  of  classification  has  been  adopted  vls 
follows: 

"The  principal  subdivisions  are  given  a  capital  letter. 
Thus  everything  whatsoever  relating  to  concrete  masonry  iu 
given  the  index  letter  M;  excavating  of  all  kinds,  including 
work  incidental  thereto,  the  letter  D;  all  work  connected 
with  plant,  the  letter  F;  and  so  on,  there  being  only  sia 
or  seven  subdivisions  to  indicate  every  building  operation 

"Vowels  are  used  to  indicate  the  kind  of  work.  Thus  the 
vowel  combinations  beginning  with  a  all  relate  to  form  work, 
as:  a,  centering  complete;  when  done  by  separate  opera- 
tions, aa  is  making,  ae  is  setting,  ai  is  straightening  up  or 
bracing,  ao  is  removing  after  being  used,  and  au  Is  cleaning 
up  and  handling  ready  to  be  used  again. 

"All  labor  connected  with  mixing  and  placing  concrete  or 
with  handling  materials  for  same,  goes  under  the  head  of  e; 
all  work  in  connection  with  plant,  receiving,  erecting,  tak- 
ing down,  shipping,  and  repairing,  is  indicated  by  the  vowel 
I.  Thus  i  means  receiving  and  setting  up  plant  ready  to 
work;  ia,  taking  down,  removing,  and  shipping;  and  le» 
repairing. 

"The  consonants  are  used  to  Indicate  difterent  parts  of 
a  structure  in  which  certain  work  is  done.  Under  classifica- 
tion M,  b  stands  for  footings;  c,  columns;  d,  foundations;  f, 
fioors;  g,  stairs,  etc.  Under  classification  P,  f  stands  for 
boiler;  g,  for  horizontal  engine;  h,  for  vertical  hoisting  en- 
gine; i,  for  elevator;  m,  for  mixer,  etc. 

"Thus  our  timekeeper  places  at  the  head  of  a  columa 
when  he  is  reporting  concrete  floors,  for  the  placing  of  forms 
Maaf;  for  concrete,  Meaf.  If  a  mixer  is  being  set  up  read^ 
for  work,  the  report  would  read  Pirn;  and  later,  if  it  waa 
repaired,  it  would  be  reported  imder  Piem,  etc. 
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"This  is  not  so  complicated  to  use  as  it  may  appear  to 
read,  and  experience  has  proved  that  every  man  who  knows 
enough  to  keep  time  can  use  the  system  with  a  few  days' 
experience.  The  principle  is  to  make  the  least  amount  of 
clerical  work  to  the  timekeeper  on  the  joh,  as  he  has  plenty 
of  other  work  to  do. 

"In  addition  to  subdivision  of  time  as  above  set  forth, 
it  is  the  duty  of  the  timekeeper  to  report  the  number  of 
barrels  of  cement  mixed  in  a  day,  which  is  usually  done  by 
the  man  in  charge  of  the  mixer  counting  the  empty  bags, 
and  in  addition  the  actual  volume  of  concrete  measured  in 
place.  From  this,  knowing  the  proportions,  it  is  a  very  slm« 
pie  matter  to  obtain  the  amount  of  sand  and  stone  used, 
and  also  to  see  if  the  right  amount  of  cement  is  being  used. 

''Carpenter  work  on  forma  is  reported  by  the  number  of 
square  feet  of  aurface  in  contact  with  the  concrete  erected. 
Thus,  walls  are  measured  two  sides  without  deducting  doors 
and  windows,  as  it  is  usual  to  let  the  form  work  run  straight 
across  these  unless  it  is  impossible  on  account  of  mouldings, 
in  which  case  the  framing  of  the  opening  will  cost  as  much 
as  the  form  work  omitted.  Beam  floors  are  measured  around 
the  perimeter  of  the  beam  and  the  fiat  surface  of  the  panel, 
»nd  around  the  perimeter  of  the  girders.  No  deduction  is 
made  for  the  loss  of  area  by  the  intersection  of  beams 
and  girders,  and  small  openings  In  the  floor  are  not  deducted* 
Anything  as  large  as  an  elevator  or  stairway  is  usually  de« 
ducted.  Form  work  for  columna  is  measured  for  entire  area 
nt  surface  contact  between  wood  and  cement,  all  four  sides. 

"The  reports  are  made  out  on  the  Job,  dally,  and  sent  to 
the  oflice.  The  bookkeeper  works  these  reports  up  into  units 
of  measurements,  such  as  Cost  of  Labor  per  Cu.  Ft.  of  Con« 
Crete,  No.  of  Cu.  Ft  of  Concrete  per  Barrel  of  Cement,  No. 
of  Sq.  Ft.  of  Form  Work  Erected,  etc.;  and  from  this  it  is 
easy  to  obtain  the  unit-costs.  The  bookkeeper  can  take  the 
reports  of  four  or  five  jobs,  employing  in  the  aggregate 
five  or  six  hundred  men,  and  In  a  single  day  work  up  the 
complete  report  for  a  week's  time.  Thus  it  will  be  seen 
that  there  is  really  little  extra  labor  involved  in  the  sub- 
dividing of  reports  into  a  useful  form  over  merely  report- 
ing the  time  so  that  the  pay-roll  can  be  accurately  made. 

"Materials  received  on  the  Job  are  reported  on  cards 
printed  for  the  purpose,  listing  the  principal  materials  which 
are  reported,  in  order  to  save  work  of  the  timekeeper  in  re- 
porting materials   accurately. 

"When  a  Job  is  entirely  completed,  and  the  ledger  ac« 
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count  is  closed,  a  master  card  is  worked  out,  glYing  the  com- 
plete history  of  the  cost.  On  one  side  of  the  card  are  writ^ 
ten  the  items  which  went  into  the  original  estimate,  such  as 
excavation,  hack-filling,  footings,  foundations,  columns,  floors, 
walls,  stairs,  etc.,  etc.  In  parallel  columns  is  placed  the 
actual  amount  of  the  estimate,  with  the  actual  experience, 
reduced  to  cost  units  such  as  cubic  feet,  square  feet  of  form 
work,  etc.,  and  the  percentage  of  profit  or  loss  between  the 
estimate  and   actual  results. 

"On  the  reverse  side  of  the  card  the  principal  items  are 
worked  out  more  in  detail.  Thus  form  work  is  reduced  to 
•cost  of  labor,  lumber  and  nails,  wire  or  other  sundries  used 
in  the  forms,  per  sq.  f L  of  surface.  Concrete  is  itemized  into 
the  superintendent's  general  labor; "labor  of  mixing  and  plac- 
ing; cost  of  cement,  sand,  stone;  miscellaneous  expenses, 
such  as  teaming,  plant,  and  other  general  items,  reduced  to 
cu.  ft.  measurement,  which  makes  the  total  cost  of  the 
concrete  in  place  in  each  division  of  the  building  itemized  for 
ready  reference  when  making  up  future  estimates  on  work 
of  a  similar  character. 

"It  is  well  known  that  the  costs  of  materials  and  labor 
in  different  parts  of  the  country  vary  somewhat.  Having 
the  unit  items  all  subdivided,  as  above  stated,  into  their 
elementary  parts,  it  is  an  easy  matter,  after  determining  the 
cost  of  materials  in  any  locality,  to  make  the  exact  cor- 
rections to  the  results  obtained  on  a  previous  Job.  Similarly, 
when  a  difference  in  the  rate  per  hour  for  wages  is  known, 
If  the  same  efficiency  is  obtained  from  the  men,  it  is  very 
«asy  to  make  a  correction;  or,  if  the  efficiency  varies,  Judg- 
ment must  be  applied  to  determine  the  correct  rate  to  use. 

"It  has  been  the  writer's  experience  that,  although  the 
rate  of  wages  and  cost  of  materials  vary  somewhat  in  differ- 
ent parts  of  the  country,  the  variations  frequently  offset 
one  another  so  nearly  that  the  sum  total  of  the  unit-cost 
obtained  in  one  place  may  be  used  in  another,  very  seldom 
needing  correction.  For  instance,  after  careful  investigation, 
a  bid  was  recently  made  on  a  structure  at  San  Juan,  Porto 
Rico,  using  the  same  unit-costs  as  for  a  building  in  l3os- 
ton.  In  the  report  that  is  given,  the  costs  relate  to  strictly 
first-class  material  and  workmanship  in  every  case,  as  it 
has  been  the  endeavor  of  the  writer  to  establish  and  main- 
tain one  standard  for  all  work.  The  variations  in  cost  due 
to  different  mixtures  of  concrete  can  easily  be  allowed  for 
by  reference  to  tables  given  elsewhere  (see  section  on  'Con- 
crete  Construction').     In  general,  would  say  that  the  stand- 
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ard  mixture  for  all  floors  has  been  either  1:3:6  or  1:2:4, 
If  the  floor  is  subjected  to  extremely  heavy  loads  and  serv- 
ice. Walls  are  mixed  1:3:6,  and  columns  usually  1:2:4;  in 
some  cases  where  they  are  very  heavily  loaded,  a  richer 
mixture  is  used.  As  these  mixtures  are  common  to  nearly 
all  construction,  the  costs  here  given  may  be  applied  with 
little  danger  of  error  from  neglecting  the  mixture  on  any 
work. 

TABLE   I 
Cost  of  Various  Classes  of  Concrete  Work 
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COST  OF  FOOTING  AND  MASS  FOUNDATIONS 
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"Of  course,  it  can  be  readily  understood  that  in  the 
large  number  of  jobs  which  have  entered  into  the  averages 
given,  there  being  as  many  as  eighteen  in  the  case  of  beam 
floors,  different  methods  of  conducting  the  work  have  been 
*used,  and  many  different  foremen.  Therefore,  while  the 
general  average  is  doubtless  safe  for  any  work  of  an  aver- 
age character,  some  latitude  may  be  allowed  the  Judgment 
in  determining  whether  any  speciflc  case  is  likely  to  be  diffi- 
cult, easy,  or  average.  The  writer  has  found  quite  a  differ- 
ence, for  instance,  in  cost  of  identical  work  handled  by 
different  foremen,  due  to  the  personal  equation  of  their 
painstaking  supervision  and  ability. 

"In  Table  I,  only  typical  Jobs  are  given,  whose  results 
are  correctly  known.  The  figures  for  the  highest,  lowest,  and 
average  totals  in  the  fourth  and  last  columns  are  taken  from 
the  vertical  column  in  which  they  stand,  and  have  no  relation 
to  the  other  figures  in  their  horizontal  line. 

"By  reference  to  the  general  average  on  form  work  in 
the  tables  of  forms  per  square  foot  of  surface  contact — 
namely:  columns,  «.13;  floors  with  reinforced  concrete  beams, 
$.116;  flat  floors  without  beams,  $.111;  short-span  slabs  be- 
tween steel  beams,  including  the  fireproofing  on  the  sides 
of  the  beams,  $.095;  walls  exposed  to  view  above  ground, 
$.128;  foundation  walls,  $.103;  mass  foundations,  $.093 — the 
writer  believes  all  higher  in  price  than  usually  believed  to 
be  a  fair  cost  by  the  majority  of  builders.  It  is  upon  the 
success  of  handling  forms  that  good  results  financially  de- 
pend. 

"In  regard  to  concrete,  labor  is  the  variable  item  which 
must  be  carefully  considered.  Anyone  of  intelligence  can 
make  a  careful  estimate  of  the  materials  to  be  used;  but 
note  the  average  prices  per  cubic  foot,  of  labor — namely,  for 
columns,  $.123;  beam  floors,  $.131;  flat  floors,  $.106;  floors 
between  steel  beams,  $.121;  walls,  $.106;  foundations,  $.091; 
and  mass  work  in  connection  with  buildings,  $.052.  Not 
until  the  last  item  is  reached  is  a  price  obtained  in  ex- 
perience which,  according  to  the  observation  of  the  writer, 
the  majority  expect  to  obtain  in  building  work  In. general. 

"Many  men  who  have  had  wide  experience  in  handling 
large  quantities  of  concrete  in  mass  have  at  times  attempted 
a  lighter  type  of  construction  and  been  greatly  surprised 
at  the  large  expense  connected  therewith.  It  has  come 
to  the  writer's  notice  a  number  of  times,  that  men  with 
this  experience  have  added  50  to  100  per  cent  to  the  cost  of 
mass  work,  and  felt  that  they  were  amply  covered  for  light 
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Btniciural  work.  The  fallacy  of  this  can  be  seen  by  a  very 
recent  experience  of  the  writer's.  In  building  a  dam  across 
the  Connecticut  river,  about  5,500  cu.  yds.  of  concrete  were^ 
placed.  Cement  and  aggregates  were  received  on  a  bridge 
abutment  26  ft  above  the  river.  Aggregates  were  dumped 
upon  an  inclined  chute,  where  they  were  to  be  washed; 
and  from  the  end  of  the  chute,  they  fell  into  bins,  from 
which  they  were  drawn  through  measuring  hoppers  into  a 
mixer,  and  dumped  from  this  into  tram-cars  4  feet  above  tha 
water.  The  total  expense  for  labor  of  washing,  charging^ 
mixing,  and  dumping  into  the  cars,  was  only  $.12  per  cu. 
yd.,  and,  for  moving  it  in  cars  an  average  distance  of  700^ 
ft,  dumping,  and  placing,  was  only  $30  per  cu.  yd.,  or  a 
total  cost  of  |.(Ki55   per  cu.  ft 

"The  table  of  steel  omits  entirely  the  first  cost  of  the 
material.  After  it  is  received  at  the  site  of  the  work  in 
the  shape  sold  by  the  manufacturer,  these  prices  cover 
the  cost  of  fabricating  into  units  for  columns  or  beams, 
bending  the  stirrups,  placing,  and  all  incidentals  whatso-^ 
ever  prior  to  the  actual  embedding  in  concrete.  In  the 
case  of  the  highest  cost,  a  coal  pocket,  there  was  very 
limited  storage  space;  1^-in.  bars  had  to  be  bent  diagonally 
BO  as  to  pass  over  the  top  of  the  support  at  columns;  and 
there  were  numerous  stirrups,  all  of  which  had  to  be  made 
by  hand.  The  Job  was  too  small  to  Justify  any  mechanical 
arrangement  for  bending  or  for  handling  material.  The  next 
highest,  an  office  building,  Portland,  llaine,  there  was  a  suffi- 
cient amount  to  require  proper  machinery.  The  hoops  for 
columns  were  all  welded.  The  vertical  bars  were  all  wired 
inside  of  these  hoops.  There  was  a  mushroom  head  of 
bent  and  circular  bars  wired  together  at  the  top,  and  great 
numbers  of  long  bars  of  small  section  spread  In  all  direc>^ 
tJons  over  the  floor.  The  lowest  price,  a  filter  at  Lawrence, 
was  made  entirely  of  straight  bars  placed  loose,  the  only 
expense  being  cutting  them  In  a  hand  shear  to  length  and 
placing  them. 

"Table  II  shows  an  exact  copy  of  a  master  card,  which 
gives  the  complete  financial  history  of  the  Job  when  it  is 
finally  completed.  It  will  be  seen  that  on  some  items  a  loss 
was  incurred,  as  well  as  a  profit  on  others,  showing  that  it 
is  difficult  even  on  work  In  which  a  company  is  fairly  ex« 
perlenced,  to  reach  the  right  price  on  everything;  and  also* 
that  when  slight  changes  are  made  by  the  owner  or  archi- 
tect, they  often  entail  heavy  loss,  even  though  the  changes 
appear  to  be  extremely  trivial.     Take  the  case  of  the  ex* 
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TABLE  li 
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temal  walls.  The  owners  furnished  the  window-frames  and 
sash,  which  were  all  of  metal.  The  original  design  was  for 
a  frame  with  two  sash,  which  could  easily  be  put  intcy  a 
6-in.  wall.  They  later  decided,  for  greater  fire  protection,  to 
use  four  sash.  This  required  an  8-in.  wall  instead  of  6-in.; 
the  form  work  on  the  inside  had  to  be  built  inward,  and 
the  space  under  the  windows  paneled  to  save  material.  To 
save  making  a  very  narrow  panel  at  the  side  of  the  window 
which  would  have  cost  more  than  the  concrete  saved,  the 
apace  was  filled  up  solid  so  that  the  columns  appear  to  be 
wider  than  they  were  actually  figured.  This  slight  change, 
ivhich  did  not  appear  great  at  the  time,  when  the  Job  was 
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entirely  complete  caused  the  concrete  on  the  walls  to  show 
an  actual  loss  Instead  of  profit,  and  made  the  form  work 
cost  more  than  twice  what  was  originally  estimated  it  should 
cost*" 

"Regarding  the  tooling  of  wall  surfaces,  it  was  originally 
planned  to  do  this  when  the  cement  was  less  than  ten  days 
old;  but,  on  account  of  .the  various  changes,  forms  had  to 
be  left  on  a  considerably  longer  time,  an^  it  was  incon- 
venient to  tool  the  surface  until  the  cement  was  so  thor- 
oughly set  that  the  cost  of  dressing  was  considerably  greater 
than  was  first  anticipated.  Again,  by  reference  to  the  %-in. 
maple  fioor  which  was  placed  upon  the  concrete  construc- 
tion, a  cost  of  $89.44  per  M  board  feet  will  be  observed; 
but  additional  repair  work  on  fioor  after  it  was  laid  cost 
1248.50,  or  $12.42  per  thousand.  This  was  due  to  the  fact 
that  the  owners  did  not  deliver  or  set  the  window-sash  at  the 
time  agreed,  and  therefore  the  maple  floors  lay  exposed  to 
the  weather  in  the  building  for  several  weeks,  swelled,  and 
after  lasring,  shrunk,  leaving  large  cracks  which  the  owners 
insisted  on  being  filled  before  they  would  accept  the  work. 
These  indicate  how  matters  which  appear  trivial  at  the  time 
may  cause  serious  loss  if  overlooked. 

"As  seen  from  the  large  list  of  items  entering  into  the 
estimate  as  given  by  this  master  card,  there  are  various 
Items  of  cost  entering  into  the  construction  besides  those 
which  are  enumerated.  Nevertheless,  the  matter  of  the 
forms,  steel,  and  concrete  covers  by  far  the  largest  pro- 
portion of  the  cost  of  a  reinforced  concrete  structure;  and 
the  minor  it^ms  are  those  which  are  peculiar  to  each  individ- 
oal  case,  and  which  any  person  can  easily  estimate  for  him- 
telf." 

QUANTITY  SYSTEM  OF  ESTIMATING 

A  Plea  for  a  Better  System  of  Estimating  the  Cost  of 
Buildings 

Abstract  of  an  address  delivered  before  the  General  Con- 
tractors'  Association,  of  San  Francisco,  Cal.,  April  10.  1913,  by 
G.  Alexander  Wright,  Architect. 

The  ever-increasing  amount  of  unproductive  time,  and 
usually  money,  which  contractors  are  called  upon  to  expend 
in  gratuitously  preparing  quantities  as  well  as  prices,  often 
for  an  owner's  benefit,  suggests  that  the  time  has  arrived 
when  all  concerned  should  take  up,  and  seriously  consider, 
the  possibility  of  adopting  a  modem  and  more  sensible  system 
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•of  estimating,  such,  for  example,  as  has  been  long  in  suc- 
cessful operation  in  older  communities.  Not  a  mere  copying 
of  such  methods,  for  I  advocate  the  creation  of  a  standardized 
method  of  our  own — ^an  American  system,  practical  above  all 
things;  a  system  that  will  be  in  line  with  our  otherwise  pro- 
gressive building  methods;  a  system  that  shall  be  clear  and 
accurate,  and  that  shall  stand  for  square  dealing  between 
(Contractor  and  owner — ^in  short,  a  system  that  shall  give  every 
man  his  due,  no  more  and  no  less;  one  that  will  reveal  to  the 
bidder,  at  a  glance,  the  actual  quality  of  material  and  labor  in 
-a  structure,  in  any  individual  trade. 

When  bidders  are  invited  to  submit  bids  they  are  the- 
oretically asked,  of  course,  to  submit  competitive  prices;  but, 
in  actual  practice,  their  bids  are  based  upon  competitive 
•quantities,  before  the  competition  in  prices  commences — 
which,  in  my  opinion,  is  as  unjust  to  the  contractor  as  it  Is 
ridiculous.  A  building  can  contain  only  a  certain  amount  of 
material,  and  no  amount  of  figuring  by  contractors  against 
one  another  can  make  that  quantitly  any  more  or  any  less. 
Where,  then,  is  the  sense  in  a  dozen  or  more  general  con- 
tractors competing  against  one  another  in  taking  quantities? 
One  or  more  bidders,  through  being  hurried  or  being  unable 
to  take  off  the  quantities  accurately,  leave  something  out 
What  happens?  Their  bids  are  consequently  low,  and  the 
owner  benefits,  at  the  low  bidder's  expense,  whilst  the  com- 
petent or  more  careful  bidder  loses  the  job,  because  his  quan* 
titles  are  more  accurate,  or  because  there  may  have  been 
room  for  uncertainty  when  figuring  the  plans  and  specifica- 
tions. 

Not  long  ago,  a  general  contractor  (whom  I  have  known 
over  twenty  years)  told  me  that  if  contractors  figured  to  do 
competitive  work  just  exactly  as  plans  and  specifications 
called  for,  a  man  would  not  get  "one  job  in  fifty."  Now,  if 
this  is  true — and  personally  I  believe  It  is — ^there  is  some- 
thing very  rotten  in  our  methods.  In  my  judgment  it  lies  in 
our  antiquated  estimating  practices. 

Those  of  us  who  know  something  of  the  unsatisfactory 
conditions  under  which  bidders  are  often  obliged  to  figure, 
time  after  time  without  result,  have  realized  that  hundreds  of 
thousands  of  dollars  in  time  and  money  are  taken  from  con- 
tractors' pockets  every  year,  simply  because  they  do  not,  so 
far,  limit  competition  between  themselves  to  the  matter  of 
prices.  They  go  on  competing,  and  I  suggest  gambling,  with 
one  another  as  to  the  quantity  of  material  a  building  will  take; 
whereas  I  contend  that  that  is  a  question  of  fact,  and  that  com^ 
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petition  in  the  quantities  between  contractors  never  can  and 
never  will.  In  any  way,  change  the  fact  that  a  certain  fixed 
Quantity  of  material  and  labor  is  necessary  to  do  every  job. 
There  can  be  no  legitimate  competition  in  taking  off  quantities 
of  materials,  except  that  unfortunate  competition  which  bid* 
ders  make  themselves  when  they  take  ofC  too  much,  or,  as  too 
often  happens,  too  little.  ^ 

The  legitimate  competition  can  come  in  only  where  one 
man  can  handle  a  Job  better  than  another*  or  one  man  may 
have  some  advantage  over  another  in  buying,  and  so  forth.  All 
this  kind  of  competition  is  legitimate  enough,  but  it  must  be 
obvious  that  no  amount  of  figuring  can  reduce  the  real  quan- 
tity of  material  which  a  building  will  take;  and  so  my  con- 
tention is  that  it  would  be  proper  and  fair  to  atart  all  bidders 
figuring  upon  the  same  basis,  by  furnishing  each  with  a  sched- 
uie,  or  bill  of  quantities  showing  accurately  and  clearly  the 
different  quantities  and  kinds  of  materials  which  the  bidder 
is  invited  to  figure  upon;  and  even  then  there  would  be  plenty 
of  competiti<m  left,  in  placing  profitable  prices  against  each 
Item. 

Our  present  method  (or  rather,  want  of  method)  in  esti- 
mating, and  the  rapid  strides  being  made  in  construction,  are, 
as  I  have  said,  forcing  upon  the  contractor,  more  and  more 
every  year,  an  increasing  waste  of  time  and  money  in  figur- 
ing out  quantities.  This  senseless  waste  and  competition  can- 
not go  on  for  ever.  It  has  already  brought  men  to  bankruptcy 
all  over  the  country,  and  has  often  prevented  the  making  of 
a  proper  and  legitimate  profit  among  those  who  do  succeed  in 
keeping  their  heads  above  water. 

This  is  a  live  question,  and  it  deserves  the  earnest  con- 
sideration of  all  contractors'  associations  and  architectural  so- 
cieties from  the  Atlantic  to  the  Pacific  Coast. 

No  new  or  untried  principle  is  Involved.  It  is  simply  that 
of  a  definite  quantity  of  work  for  a  definite  amount  of  money. 
In  substance  the  owner  says,  "I  want  this  quantity  of  work 
done.  The  drawings  and  specifications  show  you  how  this 
quantity  of  work  is  to  be  assembled  or  put  together:  Now, 
tell  me  how  much  money  will  this  cost?  I  want  you  to  do 
the  quantity  of  work  called  for;  no  more,  no  less." 

At  present,  the  successful  bidder  often  says,  In  effect,  to  an 
owner,  "I  will  erect  your  building  according  to  plans  and 
specifications;"  but — mentally — he  says,  "I  do  not  figure  that 
it  will  take  as  much  flooring,  concrete,  plastering,  or  painting 
as  my  competitors  think  It  will!"  Let  me  ask.  Is  this  a  proper 
or  fair  competition  between  contractors  themselves?  Is  it  fair 
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to  their  own  interests?  There  is  only  one  individual  who 
stands  to  gain  anything  under  such  imperfect  methods — the 
owner,  and  not  always  he. 

It  may  be  stated  that  the  Quantity  System  is  equally 
applicable  to  engineering  works,  such  as  railroad  work,  sewer- 
age disposal  schemes,  canals,  pumping  stations,  etc. 

Before  proceeding  to  a  further  consideration  of  this  sub- 
ject, I  may  be  pardoned  perhaps  for  expressing  the  opinion, 
after  having  had  over  twenty  years*  Intimate  experience  with 
tlie  workings  of  the  Quantity  System  of  estimating,  and  over 
another  twenty  years  in  San  Francisco  (without  any  such  ^s- 
tem),  that  I  know  of  nothing  in  connection  with  the  work  of 
the  contractor  that  would  be  more  beneficial  than  the  adoption 
of  some  equitable  recognized  system  of  estimating  upon  bills 
of  quantities,  and  these  latter  would  be  ^equally  valuable, 
whether  sub-contracts  were  eventually  let  or  not. 

In  the  year  1909  a  conference  was  held  in  Great  Britain 
between  the  National  Federation  of  Building  Trade  Employ- 
ers, the  Institute  of  Builders,  and  the  London  Mastei^  Build- 
ers' Association;  and  a  resolution  was  adopted  recommend- 
ing contractors  who  were  members  of  these  powerful  or- 
ganizations to  decline  to  bid  in  competition  against  one  an- 
other unless  bills  of  quantities  were  supplied  for  their  use  at 
the  owner's  expense.  A  deputation  from  these  contractors' 
organizations  afterwards  attended  before  the  principal  body 
of  architects,  who  promised  to  further  the  aims  of  the  con- 
tractors as  far  as  was  within  their  power;  and  to-day  the 
Quantity  System  is  in  full  operation,  not  only  in  the  case  of 
private  owners,  but  in  all  building  work  for  government  and 
municipal  authorities,  and  upon  the  principle  that  It  is  im- 
I)ossible  to  obtain  accurate  bids  without  accurate  quantities. 

Now  let  us  consider,  for  a  moment,  a  few  of  the  disad- 
vantages of  existing  methods: 

First — The  time  usually  given  for  figuring  is  far  too  short 
for  the  accurate  taking-ofp  of  quantities,  in  addition  to  the 
pricing  and  figuring-out  of  the  many  items.  A  bidder  usually 
has  contract  work  in  progress,  and  other  matters  to  be  at- 
tended to  during  the  daytime;  other  plans  are  to  be  figured 
by  a  certain  time,  and  but  little  can  be  accomplished  in  the 
eight-hour  working  day;  and  so  advantage  must  be  taken  of 
the  night  hours,  sometimes  all  night,  and  even  Sunday  (as  I 
happen  to  know),  and  any  other  time.  Only  those  who  have 
worked  under  these  conditions  and  over  blue-prints  at  night, 
hour  after  hour,  taking  off  items,  can  appreciate  the  many 
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difficulties,  pitfalls,  and  liabilities  to  error  through  figuring 
against  time  after  the  real  work  of  the  business  day  is  over. 
But  the  plans  must  be  returned  first  thing  in  the  morning,  or 
the  bid  must  be  in  by  a  certain  hour  the  next  day.  Nothing 
but  hurry — hurry — ^hurry.  In  not  a  few  cases,  more  informa- 
tion is  necessary;  something  is  not  quite  clear.  The  plans 
and  specifications  do  not  agree  on  some  point.  Which  is 
right?  There  is  no  time  to  find  out,  the  only  person  who 
can  enlighten  you  is  asleep,  perhaps;  while  the  careful  esti- 
mator is  burning  the  midnight  oil,  and  wrestling  with  prob- 
lems which  can  be  avoided  and  entirely  eliminated  under  a 
more  modem  system  of  estimating. 

Again,  the  careful  bidder  who  honestly  tries  to  get  in  all 
the  items,  and  figures  to  do  the  work  as  called  for,  is  fre- 
quently beaten  by  a  less  competent  bidder  who  forgets  some- 
Uiing,  or  who,  maybe,  is  willing  to  take  a  chance  anyway  in 
order  to  get  the  job.  True,  omissions  in  lists  of  materials 
are  sometimes  unavoidable,  under  existing  methods,  which 
unfortunately  aim  at  speed  rather  than  accuracy. 

It  is,  to  say  the  least,  disappointing  to  a  careful  bidder  on 
a  large  job  to  find  his  bid  just  above  the  lowest,  and  after 
the  low  man  has  signed  up  the  contract,  it  develops  that  the 
painting,  or  some  such  item,  was  left  out.  This,  however, 
could  not  occur  with  the  Quantity  System. 

The  competent  bidder  who  gets  in  all  his  items  today  is 
usually  under  a  disadvantage,  unless  he  happens  to  be  figur- 
ing against  men  of  his  oi^n  stamp.  Meanwhile  it  would  ap- 
pear that  the  chances  are  in  favor  of  the  owner  most  of  the 
time,  and  it  seems  to  be  a  case  of  "Heads  I  win.  tails  you 
lose." 

The  existence  of  present  conditions,  whilst  much  to  be  re- 
gretted, is  due  to  a  blind  continuance  of  early-day  custom.  It 
is  in  no  way  up  to  date  or  conductive  to  progress.  It  is 
entirely  unsuited  to  modem  construction  and  modem  methods. 
The  tallow  candle,  years  ago,  was  a  great  invention,  but  how 
many  of  us  would  light  our  homes  to-day  by  this  method? 
And  yet  our  estimating  methods  of  to-day  date  from  the 
same  identical  period  as  the  tallow  candle.  Other  countries 
have  long  ago  graduated  from  such  primitive  methods ;  but  we 
are  content  to  stand  still,  and  we  are,  in  this  respect,  away  be- 
hind the  times.  It  seems  to  .be  almost  inconceivable  that 
shrewd  business  men  are  still  willing  to  spend  their  time,  all 
going  over  the  same  ground,  figuring  against  one  another  on 
quantities,  knowing  all  the  time  that  they  are  all,  save  one 
(and  sometimes  even  that  one),  simply  wasting  their  time. 
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By  the  adoption  of  some  sensible  system,  all  this  quantity 
taking  could  be  done  by  one  competent  person. 

The  great  difference  we  find  in  bids  arises,  in  my  opinion, 
not  so  much  in  the  prices  or  money  values  placed  against  the 
quantities,  as  it  does  from  errors  in  the  quantities  themselves, 
the  accurate  preparation  of  which  calls  for  special  training 
i:nd  continuous  concentration  of  mind,  which  the  busy  con- 
tractor of  to-day  can  seldom  find  time  to  acquire. 

Now  we  shall  investigate  a  Bill  of  Quantities,  such  as  we 
are  considering.    What  is  it?    And  how  is  it  used? 

First  of  all,  it  is  a  document,  handed  free  of  expense  to 
each  bidder,  lithographed  or  similarly  duplicated,  in  order  that 
all  bidders'  copies  may  be  exactly  alike.  It  will  -contain 
everything  which  it  is  essential  for  a  contractor  to  know 
when  making  up  a  figure,  with  a  separate  section  for  each 
trade,  such  as  excavation,  concrete,  brickwork,  and  so  forth. 
A  general  summary  is  provided  at  the  end  of  the  bill,  in 
which  is  entered  the  net  cost  of  each  trade;  this  summary 
Is  footed  up,  the  profit  the  bidder  expects  to  make  is  added, 
plus  the  cost  of  the  quantities,  the  result  being,  of  course, 
the  amount  of  the  bid. 

The  methods  of  measurement  must  conform  to  the  stand- 
ards used  by  each  individual  trade,  and  through  the  bill  the 
greatest  care  is  taken  to  have  everything  systemized;  all 
cubic,  square,  and  linear  feet,  and  numbers  of  items,  will  be 
found  all  together  under  their  respective  heads.  In  this  way. 
Immediate  reference  may  be  made  to  any  item  required,  even 
though  the  entire  bill  may  contain  hundreds  of  items;  and  so 
every  item  has  its  proper  place — ^nothing  is  left  to  chance.  De- 
tail sketches  also  appear  in  the  margins  whenever  necessary, 
to  show  a  bidder  at  a  glance  what  is  required.  These,  as  we 
know,  are  of  more  value  to  an  estimator  than  the  long  written 
descriptions  one  sometimes  finds  in  specifications.  The  key- 
note of  the  Quantity  Surveyor  is  accuracy.  In  going  through 
the  drawings  and  specifications  he  has  come  across  all  those 
doubtful  questions  which  always  crop  up  when  figuring  under 
present  methods.  He  will  have  taken  them  all  up  with  the 
architect,  and  adjusted  them,  before  the  quantities  are  handed 
to  bidders;  so  that  everything  is  all  plain  sailing. 

Nothing  is  "near  enough"  for  a  Quantity  Surveyor — he 
scrutinizes  every  part  of  the  work  closely,  clears  up  any 
doubts,  or  anything  capable  of  a  double  interpretation;  and 
bis  work  leaves  no  loopholes  for  either  the  owner,  the  con- 
tractor, or  the  architect  to  take  advantage  of.  The  result  is 
that  it  is  seldom  necessary  for  a  bidder  to  ask  questions  of 
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the  architect  when  making  up  a  figure.  If  he  should  wish  to 
do  90,  probably  he  would  be  referred  to  the  suryeyor,  who  Is 
familiar  with  every  minute  detail  of  the  work. 

Further,  and  right  here,  lies  one  of  the  greatest  advant^ 
ages  of  the  Quantity  System.  It  is  not  necessary,  except  in 
a  general  way,  for  a  bidder  to  study  the  drawings  and  speci- 
fications at  all,  and  he  certainly  does  not  iiave  to  figure  them. 
He  simply  prices  the  bill  of  quantities;  and,  in  these  days  of 
hurry  and  bustle,  this  is  as  much  as  a  contractor  can  be  ex- 
pected to  do  for  nothing.  This  enables  the  competent  con- 
tractor (the  one  who  has  unit-prices  at  his  finger  ends)  to 
make  up  a  bid  for,  say,  a  |100,000  building  in  a  few  hours; 
and  he  has  the  satisfaction  of  knowing,  whenHhe  unit-price 
is  placed  against  each  item,  that  nothing  has  been  forgotten; 
in  other  words,  he  contracts  to  furnish  only  so  much  ma- 
terial and  labor — and  surely  this  is  absolutely  right  In  prin- 
ciple. Good  reasons  exist  why  the  general  contractor  should 
have  faith  in  his  own  judgment  and  accustom  himself  to 
price  items  in  every  trade  that  goes  to  make  up  the  building 
business.  It  (s  the  only  consistent  method  of  estimating  for 
anyone  who  claims  to  be  a  general  contractor.  Experience 
has  taught  most  competent  men  that  it  pays  to  do  it.  The 
mere  getting  together  of  figures  from  sub-bidders,  and  foot- 
ing up  the  totals  of  the  iowest,  is  not  estimating  at  ail.  That 
Is  mere  schoolboy  work.  However,  I  am  led  to  believe  that 
this  is  now  the  exception  among  general  contractors  in  San 
Francisco,  rather  than  the  rule.  The  ideal  contractor  is  the 
one  who  makes  up  his  own  estimates,  and  not  he  who  is  de- 
pendent, for  any  reason,  upon  sub-contractors,  who  thus  be- 
come the  real  estimators.  If  every  general  contractor  would 
keep  a  prime-cost  book  of  all  trades,  and  quantities  were  sup- 
p!i«td  to  him,  he  would  soon  be  in  a  position  to  give  a  fairly 
clo4e  figure  upon  any  sized  structure  without  first  taking  sub- 
bids;  and  this,  I  suggest,  is  the  most  consistent,  satisfactory, 
and  profitaoie  method  to  pursue  when  bidding  upon  work  as 
a  whole;  but  of  course  it  requires  care  and  experience. 

Further,  one  of  the  greatest  arguments  in  favor  of  letting 
contracts  as  a  whole  is,  of  course,  the  fact  that  a  general  con- 
tractor has  the  ability  to  figure  all  trades  in  his  own  office, 
and  that  he  knows  how  to,  and  will,  supervise  the  work  of 
sub-contractors,  if  any.  If  architects  can  be  assured  of  this 
being  done,  it  will  be  better  for  all  concerned. 

In  general  practice  I  believe  the  accuracy  of  the  bill  of 
Quantities  should  be  guaranteed.  Such  a  document  might 
well  be  made  the  basis  of  the  contract,  equally  with  the  draw- 
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ings  and  speciflcatioiiB;  if  this  were  done,  the  chief  cause  of 
disputes  between  owner  and  contracx)r  would  be  removed. 

This,  I  submit,  is  entirely  logical  and  right— a  certain 
quantity  of  work  for  a  certain  sum  of  money,  the  owner  to 
determine  the  former,  and  the  contractor  to  fix  the  latter. 

It  may  be  asked,  Where  are  these  competent  surveyors  to 
be  found?  And  it  would  be  a  natural  inquiry,  as  it  is  no  part 
of  the  duty  of  architects  to  prepare  such  quantities.  In  fact, 
the  relation  of  the  architect  to  the  contractor  should  preclude 
him  from  having  anything  to  do  with  furnishing  quantities. 
This  should  be  attended  to  by  a  disinterested  specialist — 
the  Quantity  Surveyor.  In  older  countries,  young  men  of 
education  are  now  apprenticed  to  practicing  surveyors,  and 
it  has  become  a  recognized  profession.  Tears  ago  these 
quantity  surveyors  frequently  came  from  the  ranks  of  the 
architects;  others  possessing  the  necessary  education  were 
possibly  contractors,  building  superintendents,  or  estimators. 
I  have  known  contractors'  representatives  who  commenced 
life  in  the  workshop,  who,  after  securing  the  advantages  of 
special  training,  made  experienced  and  very  competent  quan- 
tity surveyors.  There  must  be  a  beginning  to  everything; 
and  doubtless  there  are  many  men  in  this  country  who,  after 
some  little  training  in  the  technique  of  this  work,  should  make 
reliable  quantity  surveyors.  The  principal  qualifications  are 
honesty  of  purpose,  and  a  knowledge  of  architecture  and  con- 
struction. The  surveyor  should  be  a  neat  draftsman  and  have 
actual  experience  in  conducting  building  operations.  He 
should  possess  the  ability  readily  to  detect  discrepancies  or 
conditions  which  might  give  rise  to  misunderstandings  during 
construction;  and,  last  but  not  least,  the  necessary  mentality 
to  act  disinterestedly.  He  must  do  what  is  right  in  measur- 
ing, as  between  the  contractor  and  the  owner.  The  usual 
custom  is  for  the  architect  to  furnish  the  quantity  surveyor 
with  a  set  of  the  drawings  and  a  draft  specification;  and  the 
latter  then  commences  work  in  his  own  offices.  During  this 
period  the  architect  and  surveyor  are  in  frequent  consulta- 
tion, to  the  end  that  all  uncertainties  are  cleared  up  and  ad- 
justed upon  the  drawings  and  specifications.  In  short,  no 
effort  is  spared  to  obtain  perfect  clearness  and  accuracy  be- 
fore bidders  commence  figuring. 

Such  uncertainties  are  bound  to  crop  up;  they  are  un- 
avoidable. They  nevertheless  perplex  the  contractor  when  he 
is  figuring,  and  his  foreman  on  the  job,  and  create  unneces- 
sary trouble  and  sometimes  bitter  disputes;  and  then,  in  such 
cases,  one  of  the  parties  to  the  contract  is  usually  a  loser. 
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Now  that  we  have  briefly  considered  the  qualifications  of 
a  quantity  surveyor,  let  us  take  note  of  what  the  preparation 
of  a  bill  of  quantities  Involves.  It  may  well  be  said  that 
during  the  last  forty  years  it  has  been  brought  to  a  mathe- 
matical science;  and  yet  it  is  really  surprising  what  a  vague 
idea  exists  concerning  the  methods,  objects,  and  uses  of  the 
Quantity  System.  The  fact  remains,  however,  that,  where 
the  system  has  been  adopted,  responsible  contractors  refuse 
to  figure  without  it  Some  day  that  will  be  the  attitude  of 
contractors  in  this  country — when  they  fully  realize  the  folly 
of  'wasting  their  time  and  money  in  competing  against  one 
another  on  quantities  as  well  as  on  prices. 

But  to  return:  Three  distinct  processes  are  involved,  and 
each  process  calls  for  different  operations. 

First — ^Taking  off  and  entering  every  item  (or  dimension, 
as  it  is  called)  upon  the  dimension  sheets.  This  is  always 
done  in  exactly  the  same  order,  in  every  building.  No  di- 
mension, however  small,  is  omitted;  no  guesswork  of  any 
kind  is  permitted.  The  exact  location  in  the  building  of  every 
dimension  taken  is  carefully  noted,  and  every  figure  or  note 
is  carefully  preserved  for  future  reference. 

It  is  impossible  to  illustrate  here  the  work  in  detail  in- 
volved in  taking  off  each  trade,  but  the  following  may  serve 
to  show  the  'general  idea:  Let  us  follow  a  surveyor  for  a 
moment  in  taking  off  his  dimensions  for  a  few  items  of,  say, 
common  brickwork.  He  always  commences  taking  dimen- 
sions at  the  same  point  on  each  floor-plan;  every  length  of 
wall  from  one  angle  to  the  next  is  measured  separately,  and 
the  dimensions  entered  in  "waste,"  as  it  is  termed.  We  shall 
assume  that  it  takes,  say,  14  dimensions  to  go  clear  around 
a  building.  These  14  dimensions  and  their  locations  are  per- 
manently recorded,  footed  up,  and  the  total  linear  feet  is  then 
placed  immediately  below  this,  and  a  line  drawn  across  the 
column  to  separate  it  from  the  next  item.  The  dimension 
is  "squared;"  that  is,  the  number  of  square  feet  these  flgures 
represent  is  figured  out;  and,  opposite  to  the  total,  we  find  a 
description,  thus,  for  example:  "21-inch  wall  of  standard  com- 
mon brickwork  laid  up  with  lime  mortar  and  Portland  ce- 
ment, gauged  three  to  one,  pointed  with  fiat  joints  one  side 
for  whitewash,  and  raked  out  the  other  side  for  cementing." 
In  good  practice  it  might  be  best  to  give  the  number  of 
square  feet  superficial  of  wall,  and  give  the  thickness.  The 
same  method  is  adopted  with  each  story,  with  its  varying 
thicknesses  of  walls,  every  dimension  being  entered  in  pre- 
cisely the  same  order,  with  Its  particular  location  noted. 
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Then  we  come  to  deduction  of  openings.  Those  with  In* 
side  and  outside  reveals  (as  in  the  ease  of  lK)x-frame  win- 
ilows)  are  taken  separately;  door  openings  the  same.  Those 
of  one  size  and  one  thickness  of  wall  are  "timesed,"  as  we 
say,  and  entered  in  the  dimension  column,  so:  "Ddt  9/3 
feet  9  inches  x  7  feet  13  inches,  outside  wall,  fifth  floor." 

Then  should  follow  an  item,  extra  iabor,  "to  so  many  8- 
Inch  common  brick  segment  arches  in  say  three  half-brick 
row-locks  to  4-foot  6-inch  openings  with  3-inch  rise  in  8-inch 
wall,  include  for  cutting  skewbacks,  etc.,  and  for  wood-turn- 
ing piece  and  setting  and  striking."  In  case  richer  mortar 
was  specified  for  arches,  it  would  be  so  stated,  and  the  pro- 
portions. 

When  rough  cutting  to  brickwork  is  required,  every 
square  foot  of  it  would  be  measured.  Brickwork  in  footings 
or  foundations,  or  walls  below  ground  or  at  unusual  heights, 
should  be  all  segregated  and  given  separately,  with  full  des- 
criptions. 

Such  items  as  the  following  are  then  taken  by  the  square 
yard  or  square  foot— namely,  selected  common  brick  facing. 
If  Joints  are  struck  and  cut  (as  face  work),  it  is  taken  as  a 
separate  item,  as  should  be  the  case  with  any  portions  that 
are  to  be  pointed  with  special  or  colored  mortar.  Cementing 
by  the  square  yard  if  on  ordinary  plain  surfaces;  but  if  in 
widths  of  12  inches  or  under,  then  this  is  separated  and  taken 
by  linear  foot;  should  this  work  occur  on  circular  surfaces,  it 
would  be  so  described,  kept  separate,  and  the  radius  given. 
Linear  dimensions  are  taken  of  all  rough  splajrs  and  cham- 
fers, flues,  pointing  to  flashings,  projecting  courses,  with  the 
number  of  miters,  splays,  or  stops  in  same;  brick  sills,  with 
the  returns,  are  numbered,  if  any.  The  labor  of  forming 
quoins,  square  or  splayed,  and  (in  certain  cases)  the  linear 
feet  of  plumbing  angles  and  reveals  might  be  taken;  also 
leveling  up  for  Joists,  bond  iron,  and  the  like. 

The  foregoing  applies  to  common  brickwork,  as  before 
stated.  Now,  where  "face"  brick  are  used,  the  entire  surface 
of  such  facing  is  measured  by  the  square  foot,  including 
reveals  and  sofllts  (but  openings  deducted),  the  kind  of  mortar 
and  the  labor  of  pointing  being  given.  Here  would  be  taken 
such  items  as  face  arches.  Fair  cutting  by  the  square  foot 
on  same  principle  as  mentioned  for  common  brickwork.  Then 
come  linear  feet  of  each  course,  of  which  figured  sketches 
should  appear.  Raking  moldings  or  belts  separate;  then  fol- 
low the  number  of  external,  internal,  raking,  skew,  or  other 
miters;  also  square  ends,  etc.  (if  any).    All  other  linear  feet 
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Items  follow  in  their  proper  order,  and  then,  in  a  slmilal 
way,  concluding  with  numbered  items,  which  would  be  des- 
cribed and  (if  necessary)  sketched  in  the  margin.  I  am 
aware  that  this  is  but  a  very  elementary  illustration  of  the 
detailed  method  of  taking  ofT;  but  the  principle  applies 
throughout  every  department,  in  every  trade,  from  the  ex- 
cavator to  the  painter,  but  it  would  be  too  great  an  under- 
taking to  go  fully  into  details  here  in  each  case. 

Surveyors'  quantities  are  usually  measured  net,  and  it  is 
so  stated  in  the  preamble  of  the  bill — upon  the  imderstand- 
ing  that  the  unit-pflce  for  each  item  is  to  be  made  by  the 
contractor  to  cover  trade  customs,  etc.,  which  differ  in  each 
locality. 

The  before-mentioned  dimension  sheets  are  usually 
checked  over  with  the  drawings  by  a  second  person,  and  then 
all  totals  are  abstracted;  that  is  to  say.  they  are  transferred 
to  abstract  sheets,  under  separate  headings.  In  this  way  many 
similar  items  of  the  same  value  are  collected  together  and 
footed  up  and  checked.  This  reduces  the  number  of  items 
appearing  eventually  in  the  finished  bill,  which  is  written  di- 
rectly from  those  abstract  sheets;  and  any  further  sketches 
or  descriptions  necessary  for  the  bidder  to  understand  thor- 
oughly what  is  required  of  copies  of  these  bills  are  litho- 
graphed, or  otherwise  duplicated;  and  a  copy  is  sent  by  the 
surveyor  to  the  list  of  prospective  bidders,  whose  names  and 
addresses  have  been  previously  furnished  him  by  the  archi- 
tect 

Some  of  the  advantages  of  the  Quantity  System  of  esti- 
mating to  the  contractor  are  as  follows: 

1.  Saving  of  time  and  money. 

2.  Greater  precision  in  measuring. 

3.  No  uncertainty  as  to  interpretation  of  plans  or  speci- 
fications (the  quantities  should  govern). 

4.  No  visits  to  the  architect's  office  when  figuring,  for 
explanations  or  otherwise. 

6.  No  other  work  is  contracted  for  except  the  quantity 
set  forth  in  the  quantities. 

6.  The  contractor,  if  he  so  desires,  can  check  up  the 
quantities  before  signing  a  contract  In  an  American  system 
of  estimating,  the  quantities  should,  I  think,  form  part  of  the 
contract 

7.  No  bidder  can  inadvertently  leave  out  anything,  and  so 
in  this  way  arrive  at  too  low  a  figure. 

%.    Not  having  to  spend  time  taking  out  his  quantities. 


56      RADFORD'S  ESTIMATING  AND  CONTRACTINQ 

the  contractor  has  time  to  attend  to  more  profitable  busi- 
ness. 

9.  Systematically  arranged  bills  of  quantities  duly  priced 
(whether  work  has  been  secured  or  not),  form  excellent  data 
for  making  future  estimates. 

Before  an  American  system  can  be  put  Into  operation  it 
will  be  necessary: 

First — That  a  committee  of  representative  contractors  be 
selected  to  standardize  a  method  of  measurement  to  be  uni- 
versally followed  by  all  contractors  and 'architects. 

Second — That  competent  men.  mutually  satisfactory  to 
contractors  and  architects,  be  retained  in  such  numbers  as 
the  volume  of  work  may  demand.  These  men,  or  quantity 
surveyors,  could  be  placed  under  bond  covering  their  compet- 
ency and  integrity  until  they  have  been  proved  and  assured; 
such  appointments  to  be  permanent,  except  for  good  cause; 
the  compensation  of  these  surveyors  to  be  fixed  at  a  certain 
percentage  upon  the  total  of  each  estimate,  each  bidder,  of 
course,  adding  this  amount  to  his  bid. 

Third — I  srggest,  also,  that  a  law  be  passed  requiring  that 
a  bill  of  quantities  be  furnished  (free  of  expense  to  bidders) 
upon  all  State  and  other  public  buildings.  Such  a  law  is 
actually  in  effect  in  the  State  of  Pennsylvania,  and  has  been 
since  1895.  It  does  not,  however,  go  quite  far  enough,  as  the 
quantities  furnished  have  no  guarantee  as  to  their  accuracy. 

Fourth — In  connection  with  the  Quantity  System  I  advo- 
cate the  creation  of  a  technical  tribunal  or  court  of  arbitra- 
tion where  nothing  but  building  suits  and  disputes  shall  be 
determined  and  adjusted.  Such  court  should  be  presided 
over  by  a  specially  selected  Judge  and  at  least  two  other  per- 
sons of  practical  experience  in  the  actual  construction  of 
buildings  and  in  estimating  the  value  of  builders'  work,  and 
familiar  with  building  trade  methods,  terms,  processes,  and 
customs.  I  maintain  that  such  technical  matters  as  building 
construction,  values,  etc.,  should  not  be  decided  solely  by 
technical  law,  nor  by  laymen  alone,  however  skilled  in*  other 
ways,  notwithstanding  the  custom  of  calling  expert  witnesses 
before  them.  I  consider  that  it  would  be  an  advantage  to 
disputants  if  a  majority  on  the  bench  had  a  first-hand  prac- 
tical knowledge  of  building  construction  and  methods,  such 
as  I  have  Indicated,  where  technical  disputes  might  be  de- 
termined in  a  few  days,  once  and  for  all,  and  without  de- 
lays, which  only  tire  the  contractor  out  and  thereby  force 
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him  to  accept  a  settlement  more  or  less  unjust  from  a  prac- 
tical standpoint 

I  am  hoping  shortly  to  see  a  committee  appointed  In  every 
building  employers'  organization  in  this  country,  to  take  up 
and  seriously  consider  such  matters  as  I  have  touched  upon 
this  evening.  Nothing,  In  my  judgment,  will  tend  to  elevate 
the  building  business  and  to  promote  a  feeling  of  mutual 
confidence  and  respect  between  the  architect,  the  contractor, 
and  the  owner  more  than  the  Quantity  System  of  estimating, 
which,  as  I  think  I  have  shown,  alms  at  absolutely  square 
dealing  between  the  man  who  pays  for  the  structure  and  the 
man  who  builds  It 
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Construction  Contracts 

As  the  result  of  a  great  many  centuries  of  experience,  it 
has  been  found  of  advantage  to  do  a  very  large  percentage 
of  the  total  business  of  the  world  by  the  contract  method. 
In  its  essentials,  this  method  consists  of  an  agreement  em- 
bodying the  amount  of  the  compensation  to  be  paild,  on  the 
one  hand,  and  the  amount  and  quality  of  the  performance, 
on  the  other.  In  the  simplest  forms  of  business,  where  there 
is  a  cash  transaction  to  be  carried  out,  a  man  can  buy  a 
horse  or  a  suit  of  clothes,  the  transaction  taking  place  by 
delivery,  without  what  we  are  here  considering  as  a  formal 
contract;  but,  even  in  its  simplest  cases,  there  must  be  an 
understanding  before  the  parties  actually  do  business,  and 
this  understanding  constitutes  a  contract. 

When  a  man  employs  a  carpenter  to  work  for,  say,  |3.00 
a  day,  the  arrangement — whether  verbal  or  written — under 
which  the  carpenter  goes  to  work,  usually  means  that  he 
is  to  comply  with  the  instructions  of  his  employer  as  to 
what  work  he  is  to  do  and  how  he  is  to  do  it,  in  consid- 
eration of  which  he  receives  |3.00  per  day;  and  the  employer 
is  under  obligation  to  pay  the  |3.00,  and  to  confine  the  na- 
ture of  his  instructions  and  requirements  to  the  limits  of 
the  usual  practice  in  his  neighborhood  and  in  the  particular 
trade  to  which  the  man  belongs.  This  is  a  contract  in  which 
the  13.00  per  day  is  a  stipulated  feature.  The  implied  fea- 
tures are  one  of  the  great  troubles — and  necessary  troubles — 
in  the  economic  administration  of  business  of  this  kind,  be- 
cause, as  a  general  thing,  the  parties  in  interest  never  have 
exactly  the  same  idea  of  what  the  implied  features  are; 
and.  moreover,  it  is  frequently  the  case  that  the  clauses  in  a 
written  contract,  as  well  as  the  intentions  of  the  parties, 
are  subject  to  differences  in  the  interpretations  that  may  be 
given  them  by  different  people. 

There  are  two  principal  ways  of  looking  upon  a  contract 
It  may  be  considered  as  a  legal  instrument  pure  and  simple; 
or  it  may  be  considered  as  a  business  arrangement,  entered 
into  for  the  purpose  of  making  money,  by  two  or  more 
parties,  for  their  mutual  financial  benefit,  but  never  for  the 
exclusive  benefit  of  either  party,  since  the  fundamental  basis 
of  the  administration  of  business  law  is  that  a  man  shall 
not  be  obliged  to  enter  into  an  agreement  unless  he  con- 
siders it  to  his  interest  to  do  so.    A  contract  cannot  be  proi>- 
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erly  considered  under  either  of  these  points  of  view  with- 
out takins  into  consideration  the  manner  in  which  it  must 
necessarily  be  affected  by  the  other.  In  this  discussion,  the 
consideration  of  the  contract  as  a  business  arrangement  is 
made  the  fundamental  one,  and  its  legal  status  has  been 
discussed  only  so  far  as  it  affects  the  practice  in  an  economic 
sense. 

Contract  Defined.  A  construction  contract  is  an  agree- 
ment between  parties  to  pay  a  certain  compensation  for 
certain  valuable  possessions  or  services,  and  may  be  for 
labor,  material,  money,  or  any  valuable  consideration.  It 
may  be  in  writing  or  simply  a  verbal  understanding;  but 
so  long  as  it  is  an  arrangement  between  the  parties  inter- 
ested, and  is  understood  by  both  or  all  of  them  to  be  such, 
it  is  a  contract,  and  they  are  both  or  all  equally  bound  by  it. 
Often  It  happens,  in  the  case  of  written  as  well  as  verbal 
contracts,  that,  after  unforeseen  conditions  have  developed, 
the  understanding  of  the  parties  may  differ  as  to  the  mean- 
ing of  certain  clauses— their  scope  and  the  original  intent 
when  the  contract  was  made.  Furthermore,  when  a  dis- 
pute arises,  it  may  appear  that  when  the  contract  was  orig- 
inally prepared  the  contractor  had  an  entirely  different  idea 
from  that  held  by  the  owner,  as  to  what  he  (the  contractor) 
was  expected  to  do.  In  such  case,  unless  it  can  be  clearly 
shown  that  one  of  the  parties  was  guilty  of  fraud — ^a  crim- 
inal matter — the  contract  is  sound  and  binding,  and  the 
meaning  of  the  disputed  clause  is  taken  to  be  what  its  lan- 
guage would  imply  to  an  Intelligent  and  unprejudiced  third 
person.  This  third  person  may  be  a  witnesa  to  a  verbal 
agreement,  or  he  may  be  one  to  whom  a  written  contract 
is  afterward  submitted.  Therefore,  although  the  parties 
must  both  or  all  understand  that  they  have  an  agreement 
in  order  that  the  contract  shall  be  valid,  yet  one  of  the 
parties  cannot  abrogate  it  with  impunity  by  claiming  or  prov- 
ing that  he  has  misunderstood  the  meaning  of  a  part  of  it 

CLASSIFICATION  OF  CONTRACTS 
There   are  three  main  classes  of  contracts  for  building 
construction  in  general  use  today.    They  are  as  follows: 

(1)  The  lump-sum  contract,  where  the  contractor  re- 
ceives a  certain  amount  of  money  for  completing  the  work 
delivered  in  place. 

(2)  The  unit-price  contract,  where  the  contractor  receives 
so  much  money  per  thousand  brick,  per  cubic  yard  of  con- 
crete, per  poimd  of  steel,  etc. 
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(3)  The  cost  plus  compensation  contract,  which  means 
that  the  owner  advances  the  money*  and  the  contractor  sup- 
plies the  managerial  skill  and  organization. 

These  different  kinds  of  contract,  and  all  their  complica- 
tions, may  be  subject  to  a  large  number  of  various  modify- 
ing clauses  and  restrictions  on  both  sides;  but.  in  general^ 
almost  any  contract  in  use  today  for  building  construction  in 
the  United  States  may  be  classified  under  one  or  other  of 
the  above  headings. 

Essentials  to  the  Contractor.  Before  taking  up  the  classes 
and  general  structure  of  the  contract  in  detail,  it  is  important 
to  consider  the  general  features  of  the  contract  in  their 
economic  bearing.  For  this  purpose  we  shall  consider  that 
there  are  two  principal  parties  in  interest,  one  of  whom 
does  the  work — ^whom  we  shall  call  the  contractor,  and  ordi- 
narily designated  as  the  party  of  the  first  part;  and  the  other 
party,  the  owner,  who  advances  the  money  and  is  to  obtain 
possession  of  the  completed  work,  and  who  is  frequently  des- 
ignated the  party  of  the  second  part. 

From  an  economic  standpoint,  the  essentials  that  the 
contractor  requires,  in  order  that  the  matter  may  be  a  sat- 
isfactory business  venture  for  him,  are  as  follows: 

(a)  Pay,  regular  and  sufficient. 

(b)  Freedom  from  interference  with  the  economic  con- 
duct of  the  work. 

(c)  Special  privileges. 

These  we  shall  here  discuss  in  this  order. 

Pay.  A  Contractor  in  all  forms  of  contracts  except  the 
third  class  Indicated  above  (cost  plus  compensation),  requires 
capital  in  order  to  pay  his  men,  to  pay  for  materials  and 
supplies,  and  to  support  himself  while  the  work  is  in  progress 
and  before  he  receives  his  money  from  the  owner;  but  the 
amount  of  capital  that  he  actually  needs  is  by  no  means 
as  great  as  the  total  cost  of  the  work  when  completed. 
If  the  amount  of  work  that  a  contractor  has  on  hand,  when 
ultimately  completed,  will  cost  |100,000,  the  amount  of  money 
that  the  contractor  himself  must  have  in  the  business  may 
often  be  as  low  as  |5,000,  and  is  seldom  higher  than  |15,000 
or  120,000. 

To  understand  this,  let  us  see  how  the  work  actually  pro- 
ceeds. Upon  completing  the  agreement,  the  contractor  en- 
gages men  to  work  for  him,  and  he  wants  materials.  The 
materials  are  ordered  from  the  manufacturer  or  jobber  upon 
an  understanding  whereby  the  contractor  is  to  pay  for  them. 
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let  us  say,  30  days  after  delivery  upon  the  work;  and 
the  workmen  are  to  receive  their  pay  at  the  end  of  each 
week  or  month.  Thus  the  contractor  will  not  have  to  pay 
out  anything  in  actual  cash,  except  what  might  be  called 
"petty  cash  items,"  until  the  first  pay-day.  On  the  first  pay- 
day he  will  have  to  pay  for  the  labor  to  date.  At  the  end 
of  the  month  the  materials  and  supplies  that  were  delivered 
when  he  first  commenced  operations  will  have  to  be  paid 
for,  but  not  material  that  has  been  delivered  during  the  first 
month;  therefore  the  actual  work  done  to  date,  by  the  end 
of  the  month  will  represent  a  considerably  larger  amount 
of  money  than  the  contractor  has  had  occasion  to  pay  out 
for  labor  and  materials,  although  the  contractor  is  obliged 
ultimately  to  pay  for  these  materials  and  labor  from  time 
to  time  as  the  payments  become  due. 

Now,  In  the  majority  of  contracts  it  is  stipulated  that  the 
owner  shall  place  with  the  contractor  from  time  to  time — 
usually  from  month  to  month — certain  installments  of  the 
contract  price,  which  installments  will  be  as  nearly  as  possible 
proportionate  to  the  value  of  the  work  that  the  contractor 
has  done,  less  a  percentage  (usually  figured  at  10  per  cent 
or  so)  wh|ch  is  held  up  in  order  that  the  contractor'  may 
not  be  financially  at  liberty  to  stop  the  work  and  seek  other 
employment  to  the  detriment  of  the  particular  work  cov- 
ered by  the  contract  in  question. 

It  is  evident  that  if  the  installments  of  the  contractor's 
pay  are  not  forthcoming  when  they  are  due,  the  contractor 
will  not  receive  enough  money  to  meet  the  payments  that 
he  has  obligated  himself  to  make  for  labor  and  materials;  and 
conversely,  it  is  clear  that  if  the  payments  are  made  by  the 
owner  with  proper  regularity  and  are  sufQcient  in  amount 
to  cover  the  contractor's  expenses  and  obligations  as  they 
become  due  he  (the  contractor)  will  not  "be  obliged  to  fur- 
nish money  to  "carry  on  the  Job."  When  work  has  been 
badly  laid  out  in  the  beginning,  so  that  through  a  mistake 
or  otherwise  the  contractor  is  obligated  for  amounts  in 
large  excess  of  what  he  is  obliged  to  pay  out,  the  carrying 
charges  may  be  very  large;  and  if  he  is  swinging  a  million 
dollars'  worth- of  business  on  |100,000  capital,  he  may  find 
himself  at  a  comparatively  early  stage  of  the  proceedings 
with  most  or  all  of  his  capital  "tied  up,"  and  may  be  obliged 
to  borrow  more  money  at  high  rates  of  interest  He  will 
therefore  not  only  be  losing  interest  on  the  money  that  he 
has  himself  invested  in  the  business,  but  also  be  paying  an 
additional  interest  on  the  money  borrowed.    When  it  is  ap- 
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predated  that  this  interest  may  easily  be  6  per  cent  or  more 
on  the  loan,  and  that  his  profits,  which  are  his  compensa- 
tion for  his  own  services,  may  not  be  more  than  10  or  15 
per  cent  on  the  contract  price,  it  seems  clear  that  insuffl: 
cient  and  irregular  payments  are  to  be  very  carefully  avoided. 

Attention  is  here  called  to  the  hardships— often  unnec- 
essary hardships — that  can  be  brought  upon  the  contractor 
through  the  holding-up  of  his  regular  payments  by  the  archi- 
tect or  engineer.  Sometimes,  when  a  contractor  has  not 
complied  with  the  terms  of  the  contract,  and  is  seeking  to 
do  other  work. and  make  other  money  to  the  financial  pre- 
judice of  the  owner  of  the  Job  on  which  he  is  employed,  an 
architect  has  no  right  to  authorize  the  regular  payments 
until  the  contractor  has  lived  up  to  his  obligations;  but, 
on  the  other  hand,  it  is  an  injustice  to  the  contractor  to  hold 
up  a  cerificate  because  the  architect  happens  to  be  too  busy 
to  check  the  figures,  or  on  a  technical  or  finely  drawn  point 
which  is  not  entirely  justified  by  the  cold  facts.  This  injus- 
tice is  not  always  a  matter  of  consequence,  but  may  result 
in  serious  complications  if  pushed  too  far. 

The  owner  can  have  no  objection  to  making  payments 
regularly  if  the  contractor  carries  out  his  part  of  the  con- 
tract, for  the  reason  that  the  owner  knows  beforehand  when 
each  payment  ought  to  come  due,  and  he  is  in  a  position  to 
prepare  himself  against  such  time  well  in  advance  of  its 
occurrence.  Inasmuch  as  the  partially  completed  structure 
belongs  to  the  owner,  he  at  all  times  has  got  value  received 
for  his  money. 

Freedom  from  Interference.  The  contractor  undertakes 
to  perform  a  certain  specified  act,  or  series  of  acts,  or  groups 
of  acts,  for  a  certain  consideration;  and  it  is  of  the  high- 
est economic  importance  to  the  contractor  that  he  be  not 
obliged  to  do  things  which  he  did  not  originally  obligate 
himself  to  do  or  which  he  did  not  expect  to  do  when  he 
entered  into  the  contract.  If  a  contractor  enters  upon  a 
piece  of  work  with  the  idea  of  meeting  the  ordinary  regular 
conditions  that  he  can  foresee,  and  if,  suddenly,  unforeseen 
difficulties  develop  which  prevent  him  from  executing  the 
work  as  economically  as  he  had  originally  planned,  he  is  im- 
mediately in  trouble,  and  he  is  in  a  position  similar  to  that 
of  a  man  who  pays  a  good  price  for  a  cantaloupe  and,  after 
cutting  it  open,  discovers  it  to  be  spoiled.  As  a  matter  of 
law,  with  the  usual  form  of  contract,  if  the  contractor  meets 
with  difficulties  which  are  not  the  fault  of  the  owner  in 
any  way,  and  which  the  contractor  ought  to  have  foreseen 
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himself,  it  is  the  contractor's  fault,  and  he  must  bear  the 
burden  of  it  On  the  other  hand,  if  he  is  subjected  to  inter* 
ference  with  the  economic  conduct  of  the  work  because  of 
the  actions  of  the  owner,  such  privileges  not  having  been 
granted  to  the  owner  in  the  contract,  the  owner  is  at  fault, 
and  in  this  case  it  is  he  who  must  bear  the  burden.  There 
are,  however,  a  great  number  of  cases  which  do  not  come 
within  either  of  these  assumptions.  For  example,  if  the  con* 
tractor  meets  with  difficulties  which  are  forced  upon  him  hy 
outside  parties,  or  by  what  the  lawyers  term  "the  acts  of 
God,"  the  financial  responsibility  is  often  a  very  difficult 
one  to  determine. 

In  brief,  the  contractor  is  supposed  to  be  able  to  fore- 
see the  ordinary  conditions  that  will  govern  his  work,  and 
to  make  provisions  for  them  in  the  terms  of  the  contract 
which  he  signs;  and  to  meet  these  conditions  he  is  respon* 
sible.  For  unreasonable  interference  with  him  on  his  work, 
due  to  the  owner,  a  contractor  is  not  responsible.  For  out- 
side conditions  which  are  not  foreseen  in  the  contract  and 
not  of  such  ordinary  occurrence  that  they  should  have  been 
foreseen  in  the  contract  or  by  an  intelligent  estimator,  and 
which,  at  the  same  time,  are  not  imposed  by  the  owner  or 
anyone  employed  by  him,  there  is  usually  room  for  ques- 
tion as  to  who  must  bear  the  responsibility. 

Special  Privileges.  No  two  contracts  can  be  exactly  alike, 
because  no  two  engineering  or  architectural  purposes  are 
exactly  alike.  Every  piece  of  work  has  its  own  particular 
and  peculiar  features  which  require  to  be  dealt  with  in  a  way 
particular  and  peculiar  to  that  work;  and  therefore  nearly 
every  contract  has  clauses  which  are  intended  to  guard 
against  misunderstandings  arising  from  special  conditions. 
If  these  special  conditions  are  expected  to  interfere  with  the 
right  or  the  interest  of  the  owner,  the  attempt  is  generally 
made  to  guard  the  owner's  interest  by  introducing  the  spe- 
cial privileges  that  he  may  need;  while,  if  the  peculiar  con- 
ditions are  expected  to  affect  the  contractor  detrimentally, 
he  may  insist  upon  certain  special  privileges  for  his  pro- 
tection. 

The  contractor  may  be  allowed  to  use  equipment  belong- 
ing to  the  owner;  he  may  be  allowed  to  use  the  owner's 
property  to  store  materials  and  supplies  upon;  he  may  be 
allowed  special  rates  on  materials  sold  to  him  by  the  owner; 
and  he  may  be  allowed  special  leeway  as  to  when  certain 
parts  of  the  work  ought  to  be  completed — all  of  which  special 
privileges  are  worth  something  to  the  contractor  and  are 
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certain  inducements  to  him  to  take  the  contract  at  a  low 
figure;  or  they  may  be  inducements  to  him  to  waive  pay- 
ments at  certain  times. 

Essentials  to  the  Owner.  The  owner,  on  his  part,  is 
under  the  economic  necessity  of  obtaining  most  or  all  of 
the  following  valuable  things  as  a  result  of  his  contract: 

(a)    Quantity  of  work. 

<b)     Quality  of  work. 

(c)  Time  of  completion. 

(d)  Special  privileges. 
i 

Quantity  of  Work.  In  a  construction  contract,  when  the 
work  has  been  completed,  the  owner  is  to  have  something 
that  he  did  not  have  before;  and  the  amount  of  what  he 
is  to  have,  secured  for  him  by  the  contract,  should  be  most 
carefully  understood  before  the  work  is  commenced.  If  the 
structure  is  to  be  built  of  concrete,  the  owner  must  receive 
enough  cement,  enough  sand,  enough  stone,  enough  steel, 
and  enough  of  all  the  various  materials  that  are  going  into 
the  structure,  to  justify  him  in  his  expenditure,  or  it  will 
not  be  a  financial  success.  Moreover,  he  must  have  the 
quantity  that  his  original  understanding  with  the  contractor 
guarantees.  His  architect,  for  this  purpose,  lays  out  elab- 
orate plans,  showing  in  detail  a  very  large  portion  of  the 
finished  work;  and  the  specifications,  which  accompany  the 
plans,  and  which  are  regularly  made  a  part  of  the  contract, 
are  intended  to  insure,  among  other  things,  that  there  shall 
be  no  skimping  in  work  below  the  understood  and  agreed- 
upon  standard.  In  actual  fact,  as  the  practice  runs  today, 
it  is  not  at'  all  easy  to  guard  against  errors  in  and  viola- 
tions of  the  original  arrangement  in  this  regard.  Take 
the  simple  case  of  cement,  for  example.  The  architect  may 
specify  that  the  concrete  shall  be  made  of  a  1:3:5  mixture, 
meaning  one  part  of  cement,  three  of  sand,  five  of  stone. 
If  the  materials  are  specified  as  of  these  parts  by  weight, 
it  will  be  difficult  to  enforce  the  rule  with  exactness,  be- 
cause of  the  ordinary  difficulty  of  weighing  upon  the  ground, 
and  also  because  of  the  fact  that  these  materials,  except 
stone,  weigh  considerably  more  when  they  are  wet  than 
when  they  are  dry.  When,  on  the  other  hand — as  is  usually 
the  case — the  materials  are  specified  by  measure,  there  is 
room  for  misunderstanding,  because  the  space  which  a  given 
amount  of  sand  or  cement  will  take  up  depends  to  a  con- 
siderable extent  upon  the  degree  to  which  it  is  packed.  A 
packed  barrel  of  Portland  cement  contains  about  3.8  cubic 
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feet,  more  or  less,  of  cement;  but,  if  sifted,  the  dry  cement 
in  one  barrel  may  easily  amount  to  considerably  over  4 
cubic  feet;  and,  depending  upon  the  way  in  wliich  such  a 
term  of  the  specification  is  interpreted,  will  the  owner  get 
more  or  less  material  for  his  money. 

Sometimes  th^  contract  may  provide  that  the  mixture  is 
at  the  discretion  of  the  contractor,  and  that  the  owner  is 
satisfied  if  the  finished  concrete  will  pass  certain  tests,  in 
which  case  there  is  less  room  for  misunderstanding.  Such 
practice,  however,  is  not  yet  general  in  the  United  States. 

A  contract  for  structural  steel  work  may  be  for  a  lump 
sum,  or  for  so  many  cents  per  pound.  If  on  the  lump-sum 
basis,  the  owner  is  interested  in  receiving  the  number  of 
pounds  of  material  as  covered  by  the  plans.  Now,  it  hap- 
pens that  the  steel  mills  cannot  roll  the  sections  with  abso- 
lute uniformity,  and  there  is  sometimes  a  difference  of  sev- 
eral per  cent  between  the  estimated  standard  handbook 
weight  *per  foot  of  steel  shapes  and  the  actual  weight 
of  those  steel  shapes  when  shipped.  The  difference 
Is  caused  by  the  variations  in  the  adjustment  of  the  rolls 
In  which  the  material  is  made.  In  a  case  of  this  kind, 
it  is  generally  conceded  that  variations  in  the  estimated 
weight  amounting  to  2^  per  cent  are  permissible,  except  in 
the  case  of  such  material  as  sheared  plates  more  than  100 
inches  wide,  in  which  case  6  per  cent  variation  from  the 
theoretical  weight  is  ordinarily  allowed.  In  a  large  piece  of 
steel  work,  some  of  the  material  will  be  over-weight  and 
some  under-weight,  so  that  in  the  long  run  the  errors  will 
tend  In  some  degree  to  balance  each  other. 

In  the  case  of  a  brick  building  where  the  contract  is 
upon  the  unit-price  basis,  there  Is  likely  to  be  some  discus- 
sion as  to  what  allowance  must  be  made  for  the  spaces 
of  doors,  windows*  and  other  openings;  and  it  is  essential, 
in  a  contract  of  this  kind,  to  specify  carefully  how  the'  num- 
ber of  units  of  performance  In  the  work  shall  be  estimated 
or  determined. 

The  owner  is  Interested  in  the  quantity  of  material  and 
of  labor  entering  into  his  structure,  in  so  far  as  it  affects 
the  quality  of  the  finished  work,  its  durability,  and  service- 
ability. The  distinction  between  quantity  of  labor  as  an 
asset  to  the  owner,  and  quality  of  workmanship,  is  a  fine 
one;  but  there  is  no  question  that  the  owner  is  entitled  to 
the  proper  amount  of  material  and  the  proper  amount  of 
labor  necessary  to  make  the  structure  what  the  two  parties 
agreed  upon  when  the  contract  was  signed. 
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Quality  of  the  .Work.  In  addition  to  the  amount,  the 
owner  is  entitled  to  a  certain  quality  of  material  and  quality 
of  labor;  and  here  is  one  of  the  dif&cult  problems  that  arise 
in  all  contract  framing,  and  one  which  is  worthy  of  careful 
study.  As  a  general  thing,  what  the  parties  have  In  mind 
when  they  sign  the  contract  is  that  the  material  shall  be 
of  standard  quality — the  sort  of  quality  that  enters  into  a 
first-class  Job,  the  sort  of  quality  that  is  readily  obtainable 
at  fair  prices  in  the  open  market;  but  this  understanding 
is  so  general  and  is  subject  to  so  many  different  interpreta- 
tions, and  the  variation  in  interpretation  is  so  great  with 
difTerent  kinds  of  material,  that  it  is  exceedingly  difficult  to 
decide  properly  and  equitably. 

Take  the  common  example  of  the  ordinary  red  hard- 
burned  brick.  In  the  first  place,  the  bricks  made  by  differ* 
ent  makers  are  of  different  sizes  and  of  different  shapes; 
and  a  big  brick  is  worth  more  money  than  a  small  brick, 
other  conditions  being  equal.  A  standard  brick  specification 
would  require  that  a  brick  should  show,  when  broken,  a 
comparatively  uniform  structure,  hard  and  somewhat  glassy, 
and  free  from  pebbles,  cracks,  cavities,  and  lumps;  and  yet, 
as  a  matter  of  fact,  many  a  brick  gets  on  the  market  which 
contains  one  or  more  pebbles  the  size  of  a  hickory  nut.  An 
over-burned  brick  will  be  of  a  different  size  from  an  under- 
burned  brick,  and  will  have  very  different  characteristics. 
Moreover,  the  art  of  brick-burning  is  such  as  not  to  admit 
at  present  of  the  most  exact  uniformity  in  the  product.  The 
bricks  which  are  on  the  outside  of  the  kiln  will  not  receive 
as  thorough  a  burning  as  the  bricks  toward  the  center  of 
the  fire;  and  therefore  the  finished  product  will  necessarily 
show  irregularity,  and  the  Justifiable  range  of  irregularities 
is  not  easy  to  specify  in  terms  of  units.  The  owner  is 
entitled  to  require  upon  inspection  a  quality  which  was  stand- 
ard when  the  contract  was  signed;  and  it  is  essential  to 
the  proper  success  of  his  part  of  the  business  that  the 
standard  quality  be  assured  to  him;  but  if  the  owner  requires 
a  quality  which  is  higher  than  the  standard  and  more  difficult 
to  obtain,  the  increase  of  usefulness  thereby  secured  is 
usually  not  so  great  as  the  increase  of  cost  involved. 

It  frequently  happens  that  the  owner  changes  his  mind 
after  the  contract  has  been  entered  upon,  as  to  what  qual- 
ity he  wants  in  certain  materials;  and  then,  by  an  agree- 
ment with  the  contractor,  he  pays  a  certain  amount  for  the 
privilege  of  changing  the  quality  of  the  material.  As  a  gen- 
eral thing,  when  so  inserted,  the  cost  of  these  extras  to  the 
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contractor  and  also  to  the  owner  is  greater  than  It  would 
have  been  if  they  had  been  properly  foreseen  in  the  draft 
of  the  original  contract.  Sometimes  a  contractor  takes  ad- 
vantage of  the  fact  that  the  owner  wants  to  change  his 
mind,  and  exacts  an  exorbitant  compensation  for  the  extras, 
in  which  case  the  contractor  makes  money  out  of  it.  Making 
these  extra  charges  on  a  larger  number  of  Items  is  one 
method  of  turning  an  unprofitable  contract  into  a  profitable 
one.  It  is  nearly  always  strongly  objected  to  by  the  owner, 
and  is  likely  to  lead  to  lawsuits. 

The  illustration  of  the  red  brick  has  been  used  above, 
because  it  is  such  a  common  article  for  construction  pur- 
poses. Another  type  of  article  to  which  attention  should  be 
called  in  this  connection,  comes  within  the  class  of  special 
fittings,  hardware,  etc.  The  standard  quality  of  door-knob, 
for  example,  is  a  very  difficult  thing  to  decide  on  before- 
hand, or  to  agree  upon  afterward.  There  are  so  many  differ- 
ent types  of  door-knobs,  and  so  many  different  makers  fur- 
nishing them,  that  sometimes  the  only  way  to  solve  this  prob- 
lem is  to  specify  by  catalogues  and  numbers.  Then,  if  this 
particular  manufacturer  happens  to  have  a  surplus  of  orders 
and  cannot  deliver  on  time,  the  contractor  has  the  excuse 
for  delaying  the  work,  that  he  could  not  get  the  special 
object  specified  by  the  owner,  and  the  owner  is  in  a  quandary 
as  to  how  to  get  what  he  wants  without  delay  to  his  work 
in  general. 

The  quality  of  the  labor  is  still  more  difficult  to  contract 
for  with  accuracy  than  the  quality  of  the  material.  When 
the  contractor  starts  in  on  the  contract,  he  may  not  have 
in  his  employ  more  than  two  or  three  of  the  men  who  are  to 
work  upon  the  Job,  but  he  undertakes  to  see  that  the  work 
shall  be  performed  in  a  "thoroughly  workmanlike  manner." 
The  workmanlike  manner  of  the  human  laborer  in  times 
of  great  business  prosperity,  when  there  is  a  Job  for  every 
man,  is  a  different  matter  from  the  workmanlike  manner  of 
the  same  man  after  he  has  resigned  from  the  union  or 
before  he  has  Joined  it,  when  there  are  two  men  for  every 
Job.  The  owner  is  entitled  unquestionably  to  receive  the 
grade  of  work  that  the  contract  calls  for;  but  how  to  specify 
in  words  that  grade  of  work  without  room  for  a  great  deal 
of  misunderstanding  and  subsequent  trouble,  is  a  problem 
Ihat  has  not  yet  been  generally  solved  except  upon  the 
miderstandlng  that  the  grade  of  work  shall  be  in  accordance 
with  the  established  practice  in  the  locality  and  at  the  time 
when  the  contract  was  signed  or  when  the  work  is  carried 
oat 
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The  quality  of  the  finished  work.  Its  appearance.  Its 
dimensions.  Its  density,  and  Its  general  resistance  to  out- 
side forces,  can  often  be  pretty  well  defined,  and  this  Im- 
plies a  certain  quality  of  workmanship.  On  a  piece  of  rivet- 
ing work,  for  example,  the  owner  on  an  ordinary  contract 
should  be  reasonably  entitled  to  have  the  riveting  done  by 
men  of  experience  In  this  class  of  labor;  and  It  might 
perhaps  be  a  violation  of  his  rights  to  have  the  contractor 
place  upon  tue  riveting  work  green  men,  training  them  as 
the  work  progresses.  The  contractor  may  claim  that  so 
long  as  the  rivets  fill  the  holes,  are  properly  finished,  are 
not  burned,  and  cannot  be  found  fault  with  on  Inspection* 
he  Is  doing  his  part;  and  probably  this  Is  true,  so  long  as 
the  green  gang  does  not  take  so  much  time  upon  the  work 
as  to  Interfere  with  the  owner's  rights. 

Time  of  Completion.  As  a  business  proposition,  the 
owner  In  the  contract  makes  a  stipulation  that  he  Is  to 
receive  his  completed  structure  or  tsertaln  parts  of  the 
completed  structure  at  certain  times.-  The  contract  for  the 
structure  Is  of  more  value  to  the  owner  If  the  structure  Is 
completed  at  a  certain  time  than  If  It  be  delayed,  for  the 
reason  that  he  makes  his  ordinary  business  plans  and  ar- 
ranges his  various  business  matters  so  that  he  can  make 
use  of  the  structure  at  the  time  specified.  He  does  not  ex- 
pect to  receive  It  sooner;  and  If  he  did  receive  It  sooner* 
his  other  arrangements  might  not  admit  of  Its  being  any 
more  valuable  to  him  than  If  delivered  later;  while.  If  there 
Is  considerable  delay,  he  may  be  put  to  a  large  monetary 
loss.  Therefore  he  Is  entitled  to  receive  the  structure  at 
the  time  agreed  upon,  provided  that  an  extension  of  time  Is 
not  agreed  upon,  or  provided  that  the  delay  Is  not  caused 
through  the  fault  of  the  owner,  or  through  an  "act  of  God," 
so  called,  or  through  some  other  cause  which  Is  beyond  the 
power  of  the  contractor  to  prevent 

One  of  the  causes  most  likely  to  produce  a  delay  of  this 
kind  Is  a  strike.  Now,  a  strike  may  be  caused  by  ignorance 
on  the  part  of  the  contractor  of  proper  methods  of  manage- 
ment Men  will  sometimes  strike  while  working  for  an 
Ignorant  contractor,  whereas.  If  working  for  a  successful 
manager,  they  would  not  strike  under  the  same  conditions.  A 
contract  such  as  we  are  now  considering  frequently  in- 
cludes a  clause  to  the  effect  that  a  strike  shall  involve  an 
extension  of  the  contract  time  corresponding  to  the  amount 
of  the  delay  from  the  strike.  It  will  be  noticed  that  sucli 
a  clause,  while  protecting  the  contractor  in  absolving  him 
from  the  assumption  of  such  risk.  Is  a  distinct  disadvan* 
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tage  to  the  owner*  who  has  no  redress  on  that  account  if 
the  strike  takes  place;  and  If  a  contractor  finds  that  he 
is  going  to  he  delayed  in  the  work,  he  can  with  very  little 
trouble  produce  a  strika  The  time  or  duration  of  a  strike 
may  not  be  the  same  as  the  time  of  delay  caused  by  such 
strike,  and  it  is  sometimes  difficult  to  establish  Just  what 
this  time  allowance  ought  to  be. 

Special  Privileges.  A  railroad  building  a  bridge  on  a 
contract  will  often  require  that  tHe  contractor  shall  so  con- 
duct his  work  as  not  to  interfere  "In  any  manner"  with 
the  regular  passage  of  the  trains  that  are  operated  by  the 
railroad.  This  gives  the  railroad,  or  the  "owner,"  the  priv- 
ilege of  very  considerably  interfering  with  the  work  of  the 
contractor  at  times  in  order  to  maintain  its  traffic  In  an 
miiinterrupted  way.  Such  a  clause,  when  worded  as  above, 
is  often  ridiculous  in  its  importance,  because  a  contractor 
cannot  build  a  bridge  tmder  traffic  without  requiring  at  least 
that  the  trains  shall  be  slowed  down.  The  owner  may  some- 
times wish  to  have  certain  articles  that  he  possesses,  and 
for  which  he  has  special  fondness,  incorporated  in  the  work 
«— for  instance,  such  as  an  ancestral  mantel-piece  of  a  par- 
ticular grade  of  stone  or  a  particular  colored  stone.  Spe- 
cial features  such  as  these  are  very  frequently  inserted  by 
architects  in  order  to  obtain  special  artistic  effects,  and  they 
imquestionably  have  a  certain  monetary  value,  which  is  very 
difficult  to  estimate  in  dollars  and  cents  from  the  owner's 
point  of  view,  but  which  may  cost  a  very  definite  amount 
from  the  point  of  view  of  the  contractor. 

The  owner  will  frequently  decide  upon  asking  certain 
privileges  of  this  kind  after  the  contract  is  well  under  way, 
and  at  a  time  when  compliance  with  his  wishes  will  in- 
volve a  much  greater  hardship  upon  the  contractor  than 
would  have  been  imposed  had  the  privilege  been  settled 
upon  originally.  This  forms  an  excellent  reason — and  too 
often  an  excellent  excuse — ^for  the  contractor  to  demand  a 
large   extra  compensation. 

OBLIGATIONS  OF  A  CONTRACT 

Lump-Sum  Contracts 

Under  the  usual  lump-sum  form  of  contract,  the  owner 
agrees  to  furnish  the  following: 

1.  Money. 

2.  Plans  and  specifications. 

3.  General  instructions,  stakes,  and  layout. 
The  contractor  furnishes: 
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1.  Labor. 

2.  Materials. 

3.  Plant. 

4.  Supplies. 

5.  Organization. 

6.  Superintendence. 

7.  Experience. 

8.  Insurance,  as  to  time. 

9.  Insurance*  as  to  cost 

It  will  be  noted  that  the  owner  furnishes  something  which 
is  usually  definite,  and  the  proof  of  the  furnishing  of  which 
is  usually  easy.  By  the  dates  on  the  checks  or  on  the  re- 
ceipts, it  is  entirely  feasible  to  establish  Just  when  the  owner 
made  the  adyance  pasrments,  and  there  is  rarely  much  trouble 
as  to  whether  or  not  the  owner  furnished  a  sufficiency  of 
plans  and  specifications,  stakes,  and  general  Instructioas  for 
the  work,  although  at  least  one  Instance  is  on  record  of  a 
lawsuit  arising  in  which  one  of  the  principal  grounds  of 
contention  was  that  the  owner  did  not  furnish  a  sufficiency 
of  plans  to  enable  the  contractor  to  proceed. 

While  it  is  easy  to  establish  the  dates  at  which  the  owner 
has  made  payments,  and  their  amounts,  trouble  may  arise 
on  a  contract  because  the  owner  refuses  to  make  payments* 
claiming  that  he  is  Justified  in  withholding  money,  on  the 
ground  of  something  that  the  contractor  has  done.  Now, 
the  contractor,  In  furnishing  each  of  the  above  nine  items 
of  value,  supplies  something  which  is  not  a  definite  medium 
of  exchange,  which  cannot  be  specified  with  absolute  preci- 
sion, and  the  cost  of  which  to  the  contractor  may  not  be 
the  same  when  he  is  ready  to  use  It  as  It  was  when  he 
signed  the  contract  Therefore  the  chances  for  mlsunder* 
standing  as  to  the  contractor's  performance  are  very  much 
greater  than  the  chances  as  to  the  owner's  performance; 
and  this  fact  ought  to  be  borne  in  mind  by  all  owners,  con- 
tractors, and  architects,  not  only  In  preparing  the  contract, 
but  in  using  ordinary  common  sense  in  its  interpretation 
afterward. 

Plant.  The  items  of  labor  and  materials  have  already 
been  discussed.  Plant  is  a  factor  in  which  there  is  a  wide 
range  of  variation  in  efficiency  and  cost,  and  in  general 
adaptability  to  different  kinds  of  work.  A  contractor  who 
has  a  small  business  of  considerable  variety  must  have  a 
plant  which  is  as  adaptable  as  possible  to  different  classes 
of  work,  so  that  when  he  finishes  one  piece  of  work  of  a 
certain  type  he  can  put  the  same  plant  on  another  piece 
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of  work  of  a  different  t3rpe  without  any  large  loss  ci  effl« 
ciency.  Such  a  plant  will  not  operate  as  efficiently  as  one 
which  is  adapted  to  but  one  kind  of  work  and  which  is  made 
especially  for  that  work.  It  therefore  behooves  the  owner, 
before  entering  into  a  contract,  to  consider  in  general  what 
sort  of  plant  the  contractor  owns,  which  he  intends  to  use 
on  the  particular  work  in  hand. 

Supplies*  such  as  coal,  oil,  dynamite,  etc.,  which  are  con- 
sumed in  carrying  on  the  work  and  which  do  not  remain 
as  part  of  the  finished  structure,  do  not  particularly  con- 
cern the  owner  as  to  their  quality  or  amount;  but  they  will 
have  a  considerable  efPect  upon  the  contractor's  efficiency. 
If  they  are  not  of  proper  quality,  delays  are  likely  to  result, 
which  the  contractor  may  claim  are  not  his  fault.  This 
is  a  danger  that  the  owner  has  got  to  run,  because  it  is 
not  advisable  for  the  owner,  before  signing  a  contract,  to 
stipulate  much  as  to  the  grade  of  supplies  which  the  con- 
tractor is  to  use.  Although  there  is  no  theoretical  reason 
why  it  cannot  be  done,  it  would  be  unusual. 

Organization.  It  is  the  contractor's  duty  to  furnish  the 
organization  on  the  work — by  which  is  meant  the  assembling 
of  men  of  proper  training  to  get  the  work  carried  on  suc- 
cessfully. Some  of  this  organization — ^namely,  the  Superin- 
tendent and  Foremen — may  be  regularly  carried  upon  the 
contractor's  pay-rolls,  and  he  may  know  exactly  what  they 
are  capable  of  doing;  and  the  owner  may  be  able  tcT  get 
references  as  to  the  contractor's  past  performances,  which 
will  give  him  to  understand  just  what  he  can  expect  from 
the  contractor's  employees  of  these  grades.  The  great  bulk 
of  the  organization,  however,  is  likely  to  be  engaged  at 
the  beginning  of  each  Job,  and  to  some  extent  the  owner 
must  take  a  chance  as  to  the  results  of  this  selection. 

Men  vary,  and  they  vary  greatly,  in  their  individual 
efficiency.  Under  the  ordinary  system  of  handling  outside 
work  in  use  today,  in  taking  on  a  number  of  men,  there 
will  be  perhaps  some  very  good  workers,  some  fairly  good 
workers,  and  some  altogether  bad  workers.  The  general 
average  of  the  workmen's  performance  is  what  the  con- 
tractor figures  on  in  making  his  estimate;  and  if  he  gets 
a  certain  man  or  gang  of  men  better  than  the  average,  he 
is  that  much  better  off;  if  they  are  worse  than  the  aver- 
age, he  is  Just  that  much  the  worse  off.  His  chance  of 
getting  a  combination  that  is  pretty  close  to  the  averags 
is  greater  on  large  Jobs  and  in  large  communities  where 
there  are  many  men  looking  for  work,  than  on  small  Jobs 
or  In  small  conununities  where  there  is  not  so  much  doing. 
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Therefore,  the  gambling  chance  as  to  the  quality  of  work* 
men  is  greater  in  small  communities  on  small  Jobs  of  work 
than  vice  versa,  and  this  feature  usually  involves  a  larger 
contract   price. 

Superintendence.  Superintendence  of  the  work,  to  see 
that  it  goes  smoothly  and  economically,  is  the  special  service 
which  is  expected  of  the  contractor,  and  the  one  which  the 
nature  of  his  business  makes  him  particularly  fitted  to  ren- 
der. He  is  supposed  to  know  how  to  get  the  best  foremen, 
and  to  see  that  they  get  the  most  out  of  their  men;  and 
his  office  is  supposed  to  buy  materials  at  the  lowest  prices. 
He  may  be  seriously  limited  in  his  c^portunlty  to  get  the 
best  foremen  for  any  particular  piece  of  work,  because  in 
dull  times,  in  order  to  reduce  expenses,  he  discharges  his 
idle  men,  and  when  business  becomes  lively  again  it  is  diffi- 
cult to  get  good  men  at  short  notice.  Many  large  con- 
tractors, therefore,  keep- a  few  of  their  good  men  over  dull 
times;  but  this  is  done  under  the  penalty  of  increasing  the 
"overhead"  charges,  thus  making  it  difficult  to  compete  with 
small  contractors  on  anything  but  large  operations. 

Some  contractors  are  particularly  skilful  in  handling  cer> 
tain  kinds  of  labor,  and  have  indifferent  success  with  oth- 
ers. A  manager  accustomed  to  the  type  of  bricklayers  to 
be  found  in  the  New  England  States  might  have  difficulty 
in  getting  satisfactory  work  out  of  negro  labor  in  the  South. 

Some  contractors  can  purchase  materials  and  supplies 
more  economically  than  others,  because  their  credit  is  bet- 
ter, since  the  dealer  will  always  quote  better  prices  when 
he  is  sure  of  his  money  than  when  he  is  not;  and  some 
men  have  a  natural  gift  as  buyers^  which  is  not  always  pos- 
sessed by  other  men  equally  clever  as  regards  the  handling 
of  men. 

It  is  clear  that  in  furnishing  superintendence  or  man- 
agerial skill,  the  contractor  is  delivering  something  which 
cannot  be  measured  or  estimated  with  much  accuracy  before 
commencing  work,  and  not  always  afterward.  If  the  con- 
tractor has  a  record  as  an  efficient  manager,  and  has  in  his 
employ  some  good  men  who  are  available  for  the  work  to 
be  undertaken,  he  may  be  expected  to  manage  or  superin- 
tend the  work  efficiently,  provided  that  his  financial  induce* 
ment  to  do  so  is  sufficiently  strong.  This  is  supposed  to  be 
insured  in  the  unit-price  or  lump-sum  forms  of  contract,  by 
having  him  guarantee  the  cost 

Experience.  A  contractor  may  be  a  good  manager  and 
may  have  an  excellent  organization,  and  he  may  have  a 
very  good  plant  and  be  able  to  obtain  satisfactory  labor— 
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all  of  these  without  being  able  to  do  efficient  work.  Unless 
his  experience  has  been  of  the  right  kind  to  fit  him  for 
the  particular  work  to  be  done,  he  is  likely  to  have  a  good 
deal  of  trouble.  For  the  best  results,  he  requires  to  have 
had  experience  on  the  tjrpe  of  work  in  question.  There 
are,  for  example,  a  great  many  "tricks  of  the  trade"  which 
are  peculiar  to  a  piece  of  brickwork,  for  the  knowledge  of 
which  some  experience  seems  to  be  necessary.  In  brick- 
laying the  contractor  employs  a  very  high-priced  class  of 
labor  for  the  actual  laying  of  bricks;  and  he  employs  an 
entirely  dlfTerent  class  to  act  as  helpers  to  keep  the  brick- 
layer supplied  with  material,  to  raise  and  move  scaffolding, 
and,  in  general,  to  facilitate  the  brick  probleuL  The  man- 
agement of  the  work  so  that  the  bricklayer  can  handle  his 
bricks  with  a  minimum  of  labor  on  his  own  part,  can  al- 
ways find  a  brick  at  the  right  place  when  he  reaches  his 
hand  for  it,  and  not  only  find  the  brick  there  but  find  it  in 
Its  proper  position  with  the  right  side  up  so  that  the  brick- 
layer standing  upon  his  scaffolding  is  always  at  the  proper 
position  with  regard  to  the  growing  wall — this  kind  of  man- 
agement is  an  art  by  itself.  It  is,  moreover,  a  highly  in- 
tricate art-r^ne  involving  not  only  the  ability  to  manage 
men  well,  but  the  ability  to  plan  and  foresee  conditions 
that  are  likely  to  arise  during  the  days'  work.  While  this 
art  can  be  studied  scientifically,  and  a  great  deal  can  be 
learned  about  it  that  pertains  to  the  economics  of  the  sub- 
ject, its  efficient  carrying-out  requires  practice. 

In  concrete  construction  the  amoimt  of  material  on  the 
work  is  pretty  rigidly  limited  by  the  plans  and  specifications, 
and  the  most  variable  feature  is  that  of  labor.  This  labor 
consists  not  only  in  the  placing  of  the  concrete  itself,  but 
in  the  making  and  setting  of  the  forms;  and  it  is  likely 
to  be  the  case  in  most  work  of  this  kind  that  the  keynote 
of  successful  performance  is  experience  and  ability  in 
handling  these  forms.  Forms  are  generally  made  of  wood 
that  can  be  used  again  and  again,  and  if  properly  treated, 
can  be  used  much  oftener  than  when  improperly  handled. 
The  life  of  the  forms  is  also  very  much  governed  by  the 
manner  in  which  they  are  designed  and  put  together.  To 
handle  them  properly  upon  the  work  and  manage  the  general 
work  so  that  they  can  be  used  to  the  best  advantage,  is  an 
art  entirely  distinct  from  bricklaying,  and  one  which  seems 
to  require  a  considerable  amount  of  training  and  experience 
before  it  can  be  mastered.  One  reason  for  this  is  that  here- 
tofore no  very  thorough  economic  study  of  this  subject  has 
been  mada 


1 


74      RADFORD'S  BSTIMATINQ  AND  CONTRACTINQ 

Another  class  of  construction  on  which  a  contractoi 
should  have  had  special  experience  in  order  to  insure  hltf 
efficiency  is  that  of  steel  buildings.  Here  the  units  to  be 
handled  are  often  very  large  and  ^heavy.  The  handling  ot 
heavy  weights  economically  by  a  small  force  of  men  and 
with  the  aid  of  derricks  and  other  plant,  is  a  peculiar  art 
which  comes  only  from  practice.  Sailors  are  generally  good 
at  this  sort  of  work,  and  men  who  have  not  had  experience 
in  it  are  practically  helpless  when  confronted  by  its  prob- 
lems. The  iron  worker  as  a  laborer  is  in  a  class  by  him- 
self. He  is  courageous  and  determined,  strong  and  active^ 
and  under  some  circumstances  requires  considerable  tact* 
as  well  as  firmness,  on  the  part  of  his  manager.  After  the 
metal  has  been  set  up  and  bolted.  It  is  necessary  to  rivet  it 
together — ^which  is  a  large  Item  of  cost; .  and  here  special 
experience  will  generally  teach  a  manager  how  he  can  apply 
devices  for  pushing  the  work. 

The  contractor  should  have  some  experience  of  the  local- 
ity in  which  he  expects  to  work,  since  local  ordinances  are 
likely  to  vary  a  good  deal,  and  the  manner  in  which  the 
laws  are  administered  is  also  likely  to  vary  a  great  deal  in 
difTerent  localities.  The  local  conditions  of  labor,  besides* 
are  likely  to  vary.  One  town  may  be  pretty  well  unionized, 
and  another  not  far  away  may  contain  a  rather  different 
class  of  labor  and  require  different  methods  for  pushing 
work.  The  prices  of  labor  and  material  are  not  very  dif- 
ferent in  New  York  City  and  in  Brooklyn,  Just  across  the 
East  River;  yet  prices  obtained  by  contractors  for  doing 
work  on  Manhattan  Island  are  considerably  higher  than 
those  in  the  other  Borough.  This  is  due  partly  to  these 
local  conditions  as  above  mentioned,  and  partly  to  the  density 
of  traffic  on  Manhattan  Island  and  the  difficulty  of  get- 
ting through  the  streets.  A  strange  contractor  cannot  easily 
tell  beforehand  how  much  trouble  he  is  going  to  have  in 
unloading  his  wagons  in  the  streets  until  he  has  been  at 
least  once  "up  against"  the  local  ordinances. 

Size  of  the  Job.  A  man  who  is  accustomed  to  handle 
small  pieces  of  work  is  generally  in  the  habit  of  doing  a  good 
deal  of  the  field  managing  himself,  and  is  not  necessarily 
very  strong  in  the  organization  line.  He  may  be  able  to 
manage  very  efficiently  a  piece  of  work  whiqh  requires  a 
small  number  of  workmen,  but  not  be  so  good  where  the 
individual  counts  for  less  and  the  general  business  organiza- 
tion counts  for  more.  If  the  bulk  of  his  experience  has 
been  on  works  of  small  magnitude,  he  is  not  likely  to  be 
particularly  good  at  the  large  ones;  and  on  the  other  hand* 
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If  Us  work  has  been  In  the  line  of  heavy  constrnction^  em* 
ploying  a  good  many  men,  he  will  usually  not  bid  as  low 
on  a  small  piece  of  work  as  will  a  man  who  has  had  most 
of  his  experience  in  small  jobs. 

Insurance.  In  the  old-fashioned  form  of  contract,  the  con- 
tractor guarantees  that  he  will  do  the  work  for  so  much 
money.  This  particular  part  of  his  contract  is  nothing  elsid 
than  a  sort  of  insurance  by  which  he  undertakes  to  assume 
the  risk  of  the  work  being  more  expensive  than  he  originally 
figured.  If  it  costs  more,  he  loses;  and  if  it  costs  less, 
he  gains  just  that  much — ^which,  as  has  been  indicated  above, 
is  an  inducement  to  him  to  operate  with  economy.  In  prac- 
tice, this  works, out  in  the  following  way:  The  contractor 
always  either  mkkes  or  loses,  and  frequently  his  bookkeep- 
ing methods  are  such  that  he  does  not  know  whether  he 
has  made  a  profit  on  the  contract  or  whether  he  has  actually 
lost  unless  the  profit  and  loss  should  happen  to  run  into  a 
considerable  amount.  If  he  is  generally  successful  in  mak- 
ing substantial  profits  his  business  grows  and  he  waxes  pros- 
perous; or  if  he  makes  a  good  many  small  losses,  or  one  or 
two  very  large  ones,  the  amount  of  capital  at  his  disposal 
is  not  sufficient  to  enable  him  to  stand  the  losses,  and  he 
fails.  If  he  fails  while  the  contract  is  at  a  critical  stage, 
the  owner  is  likely  to  lose  money  unless  he  is  protected  by 
a  bond,  and  he  is  sure  to  lose  in  the  matter  of  time  for 
the  completion  of  the  work.  The  large  contractor  with  a 
large  capital  is  less  likely,  of  course,  to  fail  on  a  com- 
paratively small  contract  than  a  small  contractor,  and  the 
additional  security  in  the  way  of  insurance  which  this  larger 
capital  gives  the  owner  is  one  reason  why  the  owner  ia 
sometimes  willing  to  accept  a  higher  bid  from  a  large  con- 
tractor than  he  can  obtain  from  a  small  one. 

The  insurance  feature  has  a  decided  economic  value  from 
the  standpoint  of  the  owner,  and  is  a  tremendous  risk  from 
the  standpoint  of  the  small  contractor.  It  will  be  noted 
that  this  insurance  which  the  contractor  provides  is  in- 
surance at  to  cost  and  as  to  time,  the  former  being  by  far 
the  more  dangerous  to  the  contractor,  and  the  latter  some 
times  of  greater  importance  to  the  owner.  These  features 
will  be  considered  more  fully  under  the  Cost  plus  Compen- 
sation Contract 

Unit-Price  Contracts 

The  general  bearing  of  the  obligations  of  the  parties  to 
each  other  is  very  similar  to  that  in  the  case  of  the  lump 
sum  contract,  except  that  here  the  totals  of  the  quantities 
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are  often  not  determined  until  the  finish  of  the  work.  Any 
effect  that  this  uncertainty  may  have  upon  the  interests  of 
the  parties  will  properly  influence  the  contract  prices  on  the 
one  hand,  or  the  contractor's  profit  or  loss  on  the  other. 

The  case  of  structural  steel  work  affords  an  excellent 
example  of  the  workings  of  this  feature  upon  the  obliga- 
tions and  attitude  of  the  parties.  A  great  many  steel  stmc* 
tures  are  let  upon  the  lump  sum  basis,  and  a  very  large 
number  on  that  of  the  pound  price.  In  either  case  the  owner 
furnishes  to  the  various  bidders  on  the  work  plant  and  spec- 
ifications in  more  or  less  detail,  indicating  the  type,  size, 
general  strength,  and  character  of  construction.  The  bidders 
submit  with  their  figures  stress  sheets,  indicating  how  they 
propose  to-  treat  the  various  structural  problems.  On  the 
basis  of  the  quoted  prices  and  the  stress  sheets  submitted, 
a  contractor  is  selected  for  the  work,  and  a  form  of  con- 
tract entered  into  with  him.  Before  the  work  can  be  pro 
needed  with,  however,  it  is  necessary  that  more  elaborate 
detailed  plans  be  prepared,  and  this  is  generally  done  by 
the  contractor.  He  then  proceeds  along  the  lines  indicated 
by  the  stress  sheet.  The  details  have  to  be  approved  by 
the  owner's  representative  before  actual  construction  com- 
mences. Now,  it  is  clear  that  the  more  pounds  of  metal  in 
the  structure  under  the  form  of  contract  that  we  are  now 
discussing,  the  greater  will  be  the  contractor's  profit;  where- 
as, the  fewer  the  pounds  of  metal,  the  weaker  the  struc- 
ture, and  the  less  his  profit  Since  there  are  various  ways 
of  calculating  the  amount  of  metal  necessary — colunm  for- 
mulas, impact  formulas,  and  various  assumptions  as  to  the 
performance  of  metal  under  stress  made  by  different  authori- 
ties, each  of  which  assumptions  will  have  to  do  with  the 
amount  of  metal  for  a  given  amount  of  supporting  power 
—there  will  be  room  for  a  variegated  interpretation  not  only 
of  the  specifications  but  of  the  stress  sheet;  and  It  is  the 
business  of  the  owner's  representative,  the  architect  or  en- 
gineer, to  see  to  it  that  the  detailed  drawings  do  not  call 
for  an  unnecessary  amount  of  material  at  the  owner's  ex- 
pense, while  at  tiie  same  time  not  imposing  restrictions 
which  will  make  the  finished  structure  too  weak.  If  the 
architect  or  engineer  cut  down  the  metal  too  much  for 
agreement  with  the  stress  sheet,  the  contractor  can  very 
properly  claim  that  he  is  entitled  to  sell  the  owner  more 
material,  on  account  of  the  provisions  of  the  stress  sheet, 
which  then  is  a  part  of  the  contract 

In  any  steel  structure,  even  with  quite  rigid  specifications, 
there  is  room  for  the  exercise  of   considerable  Judgment 
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In  designing  the  "connections"  whereby  the  stress  Is  trans* 
mltted  from  one  main  number  to  another  or  others.  Where 
it  is  to  the  contractor's  interest  to  supply  an  excess  of  ma- 
terial, he  will  generally  show  a  desire  to  adhere  to  the  best 
and  safest  and  most  conseryative  engineering  practice.  There* 
is,  then,  the  farther  complication  that  the  weights  of  the 
material  as  actually  shipped  are  likely  to  vary  several  per 
cent  from  the  theoretical  weights  of  the  members  called 
fbr  in  the  stress  sheet.  The  contractor  is  usually  piUd  on 
the  basis  of  the  actual  shipping  weight  of  the  steel.  This 
feature  has  been  more  fully  discussed  above,  under  the  cap- 
tion "Quantity  of  Work." 

The  main  distinction  in  the  actual  working  results  be* 
tween  the  unit-price  contract  and  the  lump  sum  contract,. 
is  that  in  the  former  case  the  contractor  demands  the  best 
engineering  practice,  whereas  under  the  lump  sum  contract 
the  owner  is  doing  the  fighting  for  good  practice. 

Cost  plus  Compensation  Contract 
Much  has  been  heard  of  late  years  about  this  kind  of 
contract,  and  a  good  deal  of  work  has  been  done  under  it 
So  much  uncertainty  seems  to  obtain  in  the  minds  of  most 
people  concerning  its  true  inwardness,  and  there  is  such  & 
considerable  diversity  of  opinion  in  the  minds  of  different 
people  as  to  what  this  form  of  contract  really  means  to  the* 
owner  as  well  as  to  the  contractor,  that  it  would  be  well 
to  go  into  its  analysis  with  some  care.  Under  its  pro- 
visions  the  owner  pays  the  entire  cost  of  the  work,  plus 
something  to  the  contractor  for  his  profit  In  some  forms- 
of  this  contract,  the  contractor  furnishes  the  money  as  h& 
goes  along,  and  the  owner  reimburses  him  from  time  to  time 
for  what  he  has  paid  out  until  the  end  of  the  Job,  when  a 
final  settlement  is  made;  while  in  other  forms  the  contractor 
O.  K.'s  all -bills  which  are  sent  to  the  owner  for  payment, 
and  the  contractor  does  not  handle  any  money  at  all.  Even 
the  pay-roll  is  settled  by  the  owner  sending  his  representar 
tive  to  the  job  on  every  pay-day  and  paying  the  men  off  on 
vouchers  approved  by  the  contractor  or  his  representative. 

It  will  be  seen  at  once  that  this  contract  presents  some 
particular  advantages  in  certain  localities  and  on  certain 
Glasses  of  work,  from  the  standpoint  of  all  parties.  On  the 
other  hand,  it  has  certain  peculiarities  that  do  not  imme- 
diately appear.  Taking  the  same  basis  of  analysis  that 
we  did  in  the  consideration  of  the  lump  sum  contract,  we 
find  that  under  the  cost  plus  compensation  form  the  owner 
fumisheB  the  following  items: 
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1. 

Money. 

2. 

Insurance. 

3. 

Plans  and  specifications. 

4. 

Sketches  and  Instructions. 

6. 

Plant 

6. 

Labor. 

7. 

Materials. 

8. 

Supplies. 

And  the  contractor  furnishes: 

1. 

Organization. 

2. 

Superintendence. 

3. 

Experience. 

Money.  The  way  in  which  the  owner  is  going  to  make 
his  payments  is  a  point  that  has  a  great  deal  to  do  with 
the  economical  results  of  the  work  so  far  as  the  contractor 
is  concerned.  If  the  owner  furnishes  all  the  money  from 
the  beginning,  the  contractor  does  not  have  to  tie  up  any 
capital  in  the  work  at  all.  The  method  followed  by  one  well- 
known  contractor  of  large  experience  has  much  to  recom- 
mend it  In  this  case,  when  the  work  is  started,  the  owner 
turns  over  to  the  contractor  a  sum  of  money  which  is  in- 
tended to  cover  the  cost  for  the  first  month  or  six  weeks. 
This  money  is  then  deposited  in  a  bank  in  a  special  ac- 
count, against  which  the  contractor  is  authorized  to  draw 
checks.  Each  check  drawn,  besides  being  in  the  usual  form 
of  banking  check,  contains  the  Job  number,  the  account 
number,  and  a  complete  list  of  all  the  Items  which  are  being 
paid  for  by  that  check.  When  the  check  comes  back  from 
the  bank,  it  is  filed  with  the  papers  for  that  particular  Job; 
and  the  owner  can  immediately,  by  going  over  the  returned 
checks,  see  exactly  how  all  the  money  was  spent — for  what 
accounts,  in  what  manner,  and  at  what  time.  *Checks  coy- 
erlng  the  pay-roll  can  be  drawn  either  to  the  individual 
workmen  or  to  a  foreman  or  time-k6eper,  who  accounts  for 
his  distribution  of  the  men's  pay. 

Insurance.  In  contrast  with  nearly  every  other  form  of 
contract,  under  the  cost  plus  compensation'  system  the  owner 
furnishes  the  insurance.  Note  that  the  contractor  guar- 
antees absolutely  nothing.  In  the  standard  form  of  the  "cost 
plus"  contract,  the  contractor  is  not  responsible  for  the  time 
of  completion;  he  is  not  responsible  for  the  cost  exceeding 
a  certain  amount;  he  gets  no  extra  money  if  the  cost  is 
excessive  or  if  he  saves  money;  and,  in  short,  the  contractor 
has  practically  the  minimum  of  Interest  in  how  he  really 
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does  liiB  work.  The  only  real  Incentive  that  he  has  for 
making  the  work  go  expeditiously  and  economically,  is  his 
personal  ambition  and  a  desire  to  make  or  keep  a  good 
reputation  for  efficient  work.  He  Is  on  what  might  be 
called  a  peculiarly  professional  basis;  and  if  the  men  strike 
on  the  work,  if  the  men  whom  he  has  selected  for  directing 
the  work  mismanage  It,  If  lightning  strikes  It,  or  if  the 
work  is  held  up  by  injunctions  or  lawsuits,  either  through 
his  own  negligence  or  through  the  negligence  of  his  em* 
ployees,  he  is  not  responsible,  being  simply  the  agent  of  the 
owner.  The  owner,  on  the  other  hand,  guarantees  that  he 
will  pay  the  bills  when  the  contractor  sends  them  in;  that 
he  will  be  responsible  for  all  the  errors  and  mistakes  of 
the  contractor  so  far  as  economic  performance  goes;  and 
he  further  stands  the  damages  when  accidents  which  are 
not  the  fault  of  anybody  in  particular  occur  and  cause  con- 
siderable delay.  He  practically  stands  in  the  position  of 
guaranteeing  to  himself  that  the  contractor  will  do  his 
work  properly,  and  that  no  external  agency  will  put  the 
work  back.  If  the  contractor  is  slow,  he  is  in  the  owner's 
employ,  and  the  owner  has  no  redress  except  to  cancel 
the  contract  and  let  the  contractor  sue  him  for  profits. 

In  order  to  mitigate  some  of  this  insurance  that  the 
owner  has  to  stand,  he  is  frequently  accorded  the  right 
in  the  contract  to  require  that  the  contractor  shall  take 
away  from  the  job  any  foreman  whom  the  owner  considers 
to  be  Incompetent.  The  trouble  with  this  arrangement  is 
that  if  the  owner  does  order  an  incompetent  foreman  off  the 
work,  the  contractor  can  be  dilatory  about  providing  another 
good  foreman;  and  if  the  owner  wishes  to  name  a  foreman, 
a  contractor  can  say — and  perhaps  with  logic — ^that  he  will 
not  be  responsible  for  any  errors  that  the  foreman  selected 
by  the  owner  makes.  As  he  is  not  responsible  anyway,  it 
does  not  seem  as  if  this  would  make  much  difference. 

Plana  and  Specfficationa;  Sketches  and  Instructions. 
These  are  furnished  by  the  owner  as  in  the  lump-sum  con« 
tract 

Plant.  The  contractors  who  do  work  on  a  "cost  plus  a 
fixed  sum"  basis,  do  not,  as  a  general  thing,  own  much 
plant  themselves,  and  the  owner  is  in  the  position  of  either 
purchasing  or  renting  plant.  If  the  contractor  happens  to 
own  plant  which  he  can  turn  over  for  this  kind  of  work, 
he  usually  does  so  on  a  rental  basis — so  much  per  day  or  per 
month.  This  rental  clause  is  really  a  separate  contract  by 
Itself,  since,  after  the  renting  has  taken  place,  the  plant 
is  mider  the  direct  control  of  the  owner  through  his  agent. 
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the  contractor,  and  if  accidents  happen  to  it,  the  owner 
is  responsible.  Some  contractors,  particularly  where  the 
amount  of  plant  involyed  is  small,  will  agree  in  their  con- 
tracts to  furnish  the  necessary  plant  out  of  their  own  stock, 
the  rental  for  plant,  or  compensation  for  its  use,  being 
waived.  This  feature  is  not  so  satisfactory  from  the  owner's 
point  of  view  as  might  at  first  appear,,  because  the  contractor 
is  tempted  to  use  a  minimum  amount  of  plant  and  one  which 
may  not  be  the  most  suitable  for  the  work;  and  therefore, 
if  title  owner  furnished  or  rented  his  own  plant,  it  might  be 
more  suited  to  the  particular  class  of  work  to  be  done  and 
thus  ultimately  result  to  the  economic  advantage  of  the 
Job. 

Labor.  Generally  the  contractor  knows  where  he  can 
find  men  to  employ  on  the  class  of  work  to  be  done,  and 
he  engages  the  men  as  the  representative  or  agent  of  the 
owner.  When  he  pays  them  out  of  his  own  bank  account 
from  funds  supplied  by  the  owner  in  the  first  place,  the  con« 
tractor  usually  acts  as  paymaster;  but  in  the  case  where 
the  contractor  is  not  to  handle  any  money,  the  paymaster 
is  outside  of  the  contractor's  organization  entirely.  Under 
this  arrangement,  the  men  learn  immediately  what  kind  of 
contract  is  being  carried,  and  they  are  likely  to  get  the 
idea  that  efficiency  does  not  count  much  in  the  results  ot 
the  work,  and  therefore  are  disposed  to  ''soldier;"  whereas* 
if  they  thought  that  they  were  working  for  the  contractor* 
and  the  contractor's  vital  financial  interest  was  at  stake, 
t)iey  would  be  more  inclined  to  expect  to  lose  their  places 
if  they  did  not  work  well  and  rapidly. 

Materials  and  Supplies.  We  have  outlined  above  how  the 
contractor  buys  the  materials,  and  have  called  attention 
to  the  fact  that  the  owner  is  usually  given  the  privilege  of 
furnishing  materials  himself  if  he  thinks  he  can  do  so  to 
advantage.  At  first  sight  it  would  appear  that  this  pro- 
tects the  owner  against  graft;  but  it  is  not  difficult  to  see 
how  it  would  be  possible  for  a  dishonest  contractor,  after 
getting  bids  for  materials,  to  accept  upon  delivery  an  in- 
ferior grade  of  materials  and  receive  from  the  dealer  furnish- 
ing them  a  rakeoff  for  himself.  Unless  the  owner  put  some- 
one on  the  site  to  supervise  the  work  with  great  care  and 
Inspect  all  materials  as  they  came  in,  it  would  be  difficult 
for  him  to  prevent  this.  To  be  sure,  this  inspecting  is  the 
duty  of  the  architect;  but  to  inspect  sufficiently  well  to  pro- 
vide against  such  contingencies  would  mean  that  specifica- 
tions as  to  materials  would  have  to  be  very  accurately 
drawn  in  the  first  place,  and,  in  the  second  place,  that  the 
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architect  would  have  to  spend  a  great  deal  more  time  in 
inspecting  than  he  is  likely  to  spend.  Where  the  contractor 
orders  for  the  owner,  he  is  practically  in  the  position  of 
a  purchasing  agent  for  materials,  with  all  the  advantages 
and  disadvantages  that  ordinarily  pertain  to  purchasing 
agents  in  general — ^with  this  difference,  that,  if  the  owner 
does  not  like  the  way  he  does  his  work,  instead  of  dis- 
charging him  as  he  does  a  purchasing  agent,  the  owner  has 
got  to  spend  time  and  extra  money  and  do  the  purchasing 
himself. 

As  against  these  things  that  the  owner  furnishes,  we 
have  the  items  that  are  supplied  by  the  contractor: 

Organization.  This  has  been  discussed  above,  and  is 
not  essentially  different  here,  in  its  economic  features,  from 
the  case  of  the  lump  sum  and  unit-price  contracts.  The 
contractor  is  seldom  in  a  position  to  throw  upon  any  par- 
ticular piece  of  work  an  organization  of  his  own,  because, 
when  this  organization  is  good,  it  is  occupied  on  other 
work  and  cannot  come  to  a  new  position  except  with  some 
Injustice  to  the  work  already  on  hand.  As  a  general  thing, 
when  the  contractor  is  not  busy,  he  cuts  down  his  force  to 
the  very  smallest  possible  minimum,  in  order  to  save  him- 
self from  carrying  expensive  men  without  financial  return; 
and  then  he  has  no  one  in  his  employ  to  throw  upon  new 
work.  However,  it  is  his  business  to  keep  in  touch  .with 
men  all  over  the  country  whom  he  can  get  for  his  work 
when  he  has  work  to  do,  and  therefore,  if  he  has  had  much 
experience,  it  is  not  difficult  for  him  to  get  together  in  a 
comparatively  short  time  an  organization  of  men  whom  he 
knows  something  about  personally,  and  in  whom  he  feels 
that  he  and  the  men  can  have  confidence. 

Superintendence  and  Experience.  A  contractor  under  a 
"cost  plus  a  fixed  sum"  contract  may  have  had  a  good  deal 
of  experience  in  the  particular  line  of  work  to  be  done, 
and  yet  this  experience  may  have  nothing  to  do  with  the 
work  unless  he  have  more  incentive  to  economic  perform- 
ance than  ordinarily  obtains  tmder  such  a  form  of  contract 
His  own  experience  in  the  particular  line  involved  may  be 
of  very  little  value  to  the  owner.  If  his  superintendent  is 
inefficient,  as  sometimes  happens,  apparently  the  only  re- 
dress that  the  owner  has  is  to  cancel  the  contract  and 
allow  the  contractor  to  sue  him  for  profits,  which  is  a  rem- 
edy that  is  sometimes  worse  than  the  disease.  When  the 
contractor  has  a  great  deal  of  work  to  do,  he  cannot  put 
much  of  his  time  in  supervising  any  one  piece  of  it;   and 
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when  he  has  not  much  to  do,  he  generally  spends  most  of  hia 
time  looking  for  new  propositions. 

Other  Forma  of  ''Cost  Plus"  Contract.  Sometimes,  in- 
stead of  the  cost  plus,  a  fixed  sum  contract,  there  is  the 
cost  plus  percentage  contract,  in  which  the  contractor  re- 
ceives 10  or  15  per  cent  of  the  actual  cost  of  the  work  for 
his  compensation  and  profit.  Here,  the  more  the  work  costs, 
the  more  the  contractor  gets  as  profit,  and  there  Is  a 
positive  premium  upon  inefficient  work.  The  percentage 
basis — ^where  the  amount  of  work  to  be  done  was  indefinite, 
and  when,  because  of  uncertainty  in  regard  to  the  facts 
connected  with  the  work,  it  was  not  desired  to  make  up 
elaborate  specifications — was  used  to  a  considerable  extent 
ten  or  fifteen  years  ago.  Today  it  is  giving  place  to  the 
cost-plus-a-fixed-sum  form. 

Examples  of  standard  forms  for  contracts,  proposalsy 
bonds,  etc.,  will  be  found  in  the  section,  "Miscellaneous  I]>- 
formatlon  and  Tables,"  in  the  latter  part  of  this  volume. 


specifications 

A  properly  drawn  set  of  specifications,  with  accompany- 
Ing  plans,  is  a  part  of  the  contract  as  a  legal  instrument, 
and  performs  the  function  of  elaborating  Just  what  specific 
things  the  contractor  has  to  do  and  just  how  he  has  to  do 
them.  The  specifications  should  contain  a  reference  to  the 
contract,  and  the  contract  should  mention  the  specifications, 
in  order  that  they  shall  be  taken  together  as  forming  the 
parts  of  one  entire  agreement  So  far  as  referred  to,  the 
specifications  become  constructively  a  part  of  >the  contract 
While  in  ordinary  practice  the  specifications  are  made  a  part 
of  the  contract  and  are  with  it  signed  and  sealed,  they 
are  not  in  the  legal  form  of  a  contract,  because  the  burden 
of  performance  falls  entirely  upon  one  party.  In  the  con- 
tract the  owner  agrees  to  pay  certain  sums  for  the  perform- 
ance of  certain  work  by  the  contractor;  but,  under  the 
apecifications,  the  owner  is  a  passive  party,  and  for  that 
reason  practically  all  clauses  of  the  specifications  are  di- 
rected to  the  contractor  and  are  statements  of  his  duties. 
There  are  practically  no  clauses  in  the  specifications  that 
require  anything  of  the  owner. 

General  Faults.  The  man  who  draws  up  specifications 
finds  himself  between  two  difficulties.  On  the  one  hand, 
there  is  the  probability  of  making  a  specification  too  verbose, 
too  cumbersome,  and  too  unwieldy;  *and  on  the  other,  in  the 
attempt  to  eliminate  this  fault,  there  is  the  probability  of  . 
leaving  out  something  which  might  be  desirable  and  which 
la  necessary  to  make  the  instrument  intelligible. 

A  common  fault  in  the  writing  of  these  documents  is 
caused  by  the  desire  of  the  writer  to  show  those  who  are 
going  to  work  under  them  his  vast  knowledge  of  the  sub- 
ject covered  by  the  specifications.  He  puts  in  many  things 
that  are  not  necessary  to  the  proper  guidance  of  the  con- 
tractor, and  in  many  cases  things  that  handicap  the  con- 
tractor in  his  work  and  bring  about  no  compensating  good. 
When  this  is  the  case,  the  contractor  is  liable  to  think  that 
the  specifications  are  antagonistic  to  his  advantage,  and  he 
will  act  accordingly  and  be  disposed  upon  the  slightest  pre- 
text  to  attempt  to  "even  up.** 

Another  grave  fault  is  the  placing  of  too  many  restric- 
tions upon  those  who  are  going  to  do  the  work.  The  con- 
tractor should  be  restricted  as  little  as  possible,  the  only 
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requirements  being  that  he  must  confine  himself  to  good 
practice,  and  must,  In  the  end,  show  proper  and  acceptable 
results. 

The  owner  wants  to  get  just  as  much  for  his  money  as 
possible — ^wants  the  best  workmanship  and  materials  because 
he  is  paying  his  good  money  for  them — while  the  contractor, 
on  the  other  hand,  even  though  he  may  have  no  idea  of 
skimping  and  no  desire  to  skimp  In  any  way.  Is  working  for 
his  livelihood  and  wants  to  do  the  work  as  cheaply  as  may 
be  consistent  with  acceptable  performance,  and  so  make  aa 
great  a  profit  as  possible. 

If  the  specifications  are  clearly  drawn  when  submitted 
to  the  contractor,  he  can  make  his  bid  accordingly;  and  no 
matter  how  severe  the  requirements  may  be,  his  bid  will 
make  allowances  for  the  difficulties  imposed  by  them.  If. 
on  the  other  hand,  a  specification  is  capable  of  several  in- 
terpretations, or  if  it  is  stated  in  such  a  way  that  there 
are  "holes  in  it,"  the  contractor  will  be  led  to  take  chances 
in  his  bid.  This  is  especially  true  if  the  contractor  has 
done  much  work  under  the  architect,  and  thus  knows  how 
closely  or  how  loosely  he  will  be  held  to  the  letter  of  the 
specifications.  Bidding  under  such  specifications  works  a 
hardship  on  the  contractor  who  is  unfamiliar  with  the  archi- 
tect No  matter  how  strict  the  specifications  may  be,  and 
how  well  known  to  the  contractor  the  architect's  peculiari- 
ties are,  the  personal  equation  should  have  to  be  taken  into 
consideration  as  little  as  possible.  Remember  that  a  well- 
defined  specification  is  essential  to  a  fair  contract 

The  following  typical  form  of  specifications  for  a  f^ame 
dwelling  of  moderate  cost,  with  heating  and  plumbing,  is 
used  by  permission  of  the  publisher,  E.  G.  Soltman,  134  W. 
29th  St,  New  York  City. 

TYPICAL   FORM    OF  SPECIFICATION   FOR   A 
FRAME    HOUSE 
If  a  brick  dwelling  is  desired,  see  additional  clauses  at 
end  of  these  specifications. 

SPECIFICATIONS 

Of  labor  and  materials  required  in  the  erection  and  comple- 
tion of  a  Frame  Dwelling  to  be  built  for 

Street Town. 

according  to  the  plans  drawn  by •••••• 

Architect 


SPECIFICATIONS  85 

GENERAL 

These  specifications  are  intended  to  embrace  all  of  the 
labor  and  materials  necessary  in  the  erection  and  comple- 
tion of  the  building  in  all  Its  parts,  the  whole  to  be  com- 
prised within  any  contract  or  contracts  that  may  be  made 
for  the  same.  The  entire  work  is  to  be  constructed  and 
finished  in  every  part  in  a  good,  substantial,  and  workman- 
like manner,  according  to  the  accompanying  drawings  and 
these  specifications,  to  the  full  extent  and  meaning  of  the 
same,  and  to  the  entire  approval  and  acceptance  of  the 
owner  and  architect  Each  contractor  is  to  provide  all  ma- 
terials and  labor  necessary  for  the  complete  and  substan- 
tial execution  of  everything  described,  shown,  or  reason- 
ably Implied,  including  all  transportation,  scaffolding,  ap- 
paratus, and  utensils  requisite  for  the  same,  all  materials, 
unless  otherwise  particularly  specified,  to  be  the  best  of  their 
respective  kind,  and  all  workmanship  to  be  that  of  skilled 
mechanics. 

The  work  must  conform  to  all  building  laws  or  ordinances 
applying  to  the  locality,  and  the  contractor  is  to  obtain  and 
pay  for  all  permits,  fees,  &c. 

The  contractor  is  to  lay  out  all  work  and  give  his  per- 
sonal superintendence  to  the  same,  and  maintain  at  all  times 
a  competent  foreman  on  the  job.  He  is  to  execute  the  work 
with  due  diligence  and  expedition,  and  in  co-operation  with 
other  mechanics.  He  is  to  give  Immediate  attention  to  the 
directions  of  the  architect,  and  will  be  held  responsible  for 
any  variations  from  the  drawings  and  specifications.  He 
shall  maintain  and  guarantee  the  stability  of  the  work  and 
repair  any  defective  work  for  a  period  of  one  year  after 
completion  of  the  contract 

The  following  is  a  list  of  Drawings  which  accompany 
these  specifications,  and  which  form  part  thereof:  Front 
Elevation,  two  Side  Elevations,  Rear  Elevation,  Plan  of 
Cellar,  First  Floor  Plan,  Second  Floor  Plan,  Roof  Plan.  Full 
size  Details. 

ALTERATIONS 

It  is  also  understood  that  the  owner  of  the  building  and 
the  architect  shall  have  the  right  to  make  any  alterations, 
additions,  or  omissions  of  work  or  materials  herein  specified, 
or  shown  on  the  drawings,  during  the  progress  of  the  build- 
ing, that  they  may  find  necessary,  and  the  same  shall  b€ 
acceded  to  by  the  contractor  or  contractors,  and  carried 
into  effect  without  in  any  way  violating  or  vitiating  .the 
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contract.  And  the  value  of  all  such  alterations,  additions, 
or  omissions  shall  be  agreed  upon  in  writing  between  the 
said  owner  and  the  contractor  before  going  into  execution. 
No  extra  work  will  be  allowed  without  such  written  agree- 
ment 

CARE  OP  FINISHED  WORK 

Particular  care  must  be  taken  by  the  contractor  of  all 
the  finished  work,  as  the  building  progresses,  which  work 
must  be  covered  up  and  thoroughly  protected  from  injury 
or  defacement  during  the  erection  and  completion  of  the 
building.  Contractor  shall  make  good  any  damage  or  de> 
facements 

ADDITIONAL    DRAWINGS,    ETC. 

There  will  also  be  furnished  a  complete  set  of  scale  and 
full-size  detail  drawings  for  all  exterior  and  interior  work, 
and  used  in  connection  with  the  above,  show  all  dimensions 
in  relation  to  the  work  which  is  to  be  represented  by  the 
Detail  Drawings.  Where  figures  are  not  given  all  draw- 
ings must  be  accurately  followed  and  measured  according 
to  their  scale.  All  writings  and  figures  are  to  be  considered 
a  portion  of  these  specifications,  and  must  be  followed  and 
considered.     Follow  figures  in  preference  to  scale. 

On  the  plans  red  expresses  brick;  yellow,  wood;  and  blue, 
stone.  The  contractor  shall  not  make  any  changes  In  the 
plans;  in  case  an  error  should  appear  the  contractor  must 
refer  the  same  to  the  architect.  The  specifications  and 
drawings  are  the  property  of  the  architect,  and  must  be  re- 
turned to on  the  completion  of  the  building. 

MASON'S  SPECIFICATIONS 
Specifications  of  labor  and  material  required  in  the  Mason 

Work  for  a  Frame  Dwelling  to  be  erected  for  

according  to  plans  and  this  specification 

by   9  Architect 

Excavation 

Remove  top  soil  from  site  of  building  and  stack  on  prem- 
ises where  directed.     Use  again  in  grading. 

The  cellar  is  to  be  excavated  to  a  clear  depth  of 

below  the  under  side  of  first  fioor  Joists,  and 

all  excavations  to  be  made  inches  larger  than  the 

dimensions  given  for  the  walls.     Trenches  for  all  exterior 

and  interior  foundations  to  be  dug  at  least below  the 

cellar  bottom,  and  all  other  excavations  that  are  necessary 
to  carry  out  the  plans,  such  as  cisterns,  sewers,  piers,  steps. 
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chimneys,  vaults,  areas,  and  all  other  foundations,  to  be 
well  and  faithfully  done.  The  earth  to  be  filled  in  and 
packed  against  the  cellar  walls  after  the  mortar  is  dry,  and 
level  with  the  bottom  of  the  underpinning.  Grade  the  ex- 
cavated earth  around  and  slope  off  the  ground  on  all  sides 
of  the  building  and  remove  the  surplus  earth  from  the  prem- 
ises. All  trees,  dirt,  rock  or  rubbish  that  may  encumber  the 
site  of  the  building  or  interfere  with  the  proper  execution 
of  the  work  to  be  removed.  Protect  the  banks  against 
caving  and  remove  any  water  that  may  accumulate  from  any 
source  whatever.  Provide  all  necessary  batter  boards,  stakes 
and  lines ;. .  • . 


Drains 

All  drain  pipe  used  to  be  of  the  best  quality 

straight,  true,  and  of  uniform  bore, 

in  sizes,  etc.,  as  marked  on  plans,  and  to  be 

connected  tightly  with  all  necessary  places,  as  indicated  on 
plans.  These  pipes  to  be  properly  trapped,  graded,  and  the 
joints  cemented  tight.  Each  trap  to  be  provided  with  trap- 
screw  or  tight  fitting  cover,  so  it  can  be  easily  cleaned  out 
If  necessary.  Make  all  joints  clean  and  tight  with  Portland 
cement,  and  make  perfectly  smooth  on  inside  of  same.  Also 
furnish  in  connection  with  the  above  all  T,  U  and  T  branches, 
and  all  cement  inlets  of  the  sizes  to  correspond  with  the 

plans .' 

»••• ••••••••••••• • •.•■•.■••■■•••••••••••■• 

Mortar  Materials 
All  water  lime  to  be  fresh  burned. 
All  <iuicklime  for  mortar  and  plaster  to  be  fresh ; 


brand,  well  burned,  in  lumps,  free  from  clinkers. 

All  Rosendale  cement  to  be  

brand. 

All  Portland  cement  to  be  

brand. 

All  sand  to  be  clean  and  sharp  grit  sand. 

All  water  lime  mortar  to  consist  of parts 

water  lime  and   parts  sand. 

All   quicklime   mortar   to   consist   of    parts 

lime  and  parts  sand.    Lime  to  be  thoroughly 

slaked. 

AH  cement  mortar  to  consist  of parts 

cement,  and parts  sand.    No  cement 
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mortar  to  be  used  after  cement  has  once  set,  except  as 
sand. 

All  common  plaster  mortar  to  consist  of  well  slaked  lime 

parts,  clean  sharp  sand  

parts,  thoroughly  mixed.  Long  goat's  hair  or  fibre  to  be 
added,  after  lime  is  thoroughly  slaked,  but  not  before  24 
hours  have  elapsed. 

All  lime  putty  must  be  worked  through  a  fine  wire  mesh 
sieve  before  being  mixed. 

All  stone  mortar  to  be  composed  of  one  part  fresh  burned 
water  lime  and  three  parts  of  coarse,  sharp  sand,  to  be  thor- 
oughly mixed  and  manipulated   

Foundations  and  Stone  Walla 
All  footings,  piers,  foundations,  and  stone  walls  to  be 
built  to  correspond  with  the  sizes  marked  upon  the  plana. 
The  stone  used  in  the  foundations  to  be  of  approved  quarry 
stone,  laid  on  quarry  bed,  the  lower  courses  to  be  laid  with 
extra  large  flat  stone;   all  to  be  carefully  bedded  on  their 

broadest  faces,   all   laid   in   mortar 

each  layer  well  filled  and  flushed  up  on  both  sides  and  firmly 
bonded  together.  The  foundations  for  steps,  porch,  piers, 
etc.,  to  be  built  as  above,  and  to  extend  at  least  three  feet 
six  inches  below  the  grade.    Level  up  carefully  and  bed  the 

sill  in   cement  mortar,  and  point  up  around  it 

inside  and  out,  and  bed  and  point  up  around  all  cellar 
window  frames.  Leave  all  openings  in  walls  where  required 
for  all  drain,  gas,  or  water  pipes.  Point  up  the  walla  on 
the  outside  as  well  as  on  the  inside.  Lay  both  faces  of  the 
wall  to  a  line 

Face  Stone  Work 

All  face  walls  above  grade  to  be  laid  with 

vertical  and  horizontal  joints.  All  to  be  care- 
fully set  and  bedded  on  their  broadest  faces,  well  bonded 
together  and  to  the  backing,  and  backed  with  stone  of  same 

quality  as  used  in  foundation.    All  well  laid  in 

mortar.    The  face  stone  to  be  pointed  with 

mortar  made  in  the  best  manner 

Cut  Stone 
All  manner  of  cut  stone  represented  on  the  drawings  to 
be  free  from  flaws  and  other 
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Beam  Filling 

Fill  In  on  top  of  stone  wall  all  around  between  and  along- 

Bide  of  Joists  with  hard-bumed  bricks    

courses  wide  and  to  the  height  of  the  underside  floors.  Fit 
the  bricks  tightly  underneath  the  floor;  thoroughly  stop  up 
all  cracks  and  crevices,  and  lay  up  the  whole  in  cement 
mortar    

Lathing 
All  walls,  partitions,  ceilings,  underside  of  stairs,  and  all 

studded  and  furred  places  to  be  lathed  with  the  best 

laths,  full  thickness,  and  placed  of  an  inch  apart, 

and  nailed  on  every  stud.  All  joints  must  be  broken  every 
10th  lath,  and  all  to  be  placed  horizontally.  Long,  verticsd 
joints  will  not  be  allowed,  nor  lath  put  on  vertically  to  fin- 
ish up  to  angles  or  corners.  All  lath  at  comers  or  angles 
must  be  nailed  to  solid  furrings,  and  lath  will  not  be  allowed 
to  run  from  one  room  to  another  behind  studding.  The  lather 
must  call  upon  the  carpenter  to  fur  and  straighten  all  walls, 
ceilings,  etc.,  and  block  and  spike  all  studs  together  solidly 
at  angles.  In  all  cases  lath  below  grounds  to  floor  and  be- 
hind all  wainscotting 

Plastering 
The  walls   and   ceilings   of   all   rooms    and    apartments 

throughout  to  be  plastered  with    good  coats  of 

mortar,  scratch  coat,  brown  coat  and 

flnish.     The   scratch  coat  to  be 

properly  applied  with  sufflcient  force  to  secure  good  clinches. 
The  browning  coat  to  be  screeded  plumb  and  true.    Finish 

coat  to  be  Hard  flnish  to  be 

of  white  beach  sand,  lime  putty  and  plaster  ol  Paris  trowelled 
hard  and  smooth.     Sand  flnish  to  be  floated 

Cellar  Bottom 
The  cellar  bottom  must  be  levelled  off;   pack  and  settle 

it  thoroughly  and  cover  it  flush  and  smooth  with  

cement  concrete   inches  deep,  in  three  parts  of 

clean,  coarse,  sharp  gravel,  and  one  part  of  good 

cement,  and  the  entire  surface  to  be  floated  up  even  and 
true  with  cement  and  sand  equal  parts.  Around  the  sides 
of  the  main  walls  form  gutters  sufflcient  to  carry  all  the 
water  to  the  drain.    Over  the  mouth  of  the  drain  place  an 
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iron  Btrainer,  and  leave  the  whole  Job  of  work  in  good  con* 

dIUon.    

U 

Cistern 

(If  cistern  is  to  be  boarded  over,  then  use  section  under 
Carpenter's  Specification,  below.) 

The  cistern  to  be  built  as  shown  upon  the  plans 

feet  deep,  lined  on  the  inside  with  a inch  brick  wall, 

and  plastered  with  Portland  cement.  Arch  the  cistern  over 
the  top,  in  a  substantial  manner,  with  a  double  row-lock 
arch.  Thoroughly  plaster  on  top  of  arch  with  cement  mor- 
tar.   Leave  a  manhole  to  connect  with to 

be  not  less  than    twenty    inches  by  two  feet  square.     The 

cistern  to  be  connected  with  house-leaders  through 

Portland  cement  pipes,  well  cemented.    A 

curved  iron  pipe  with  a draw-cock  placed 

at  the  bottom  of  the  cistern,  emptying  into  an  iron  hopper. 

Thoroughly  plaster  the  cistern  on  the  inside  with 

and  leave  perfectly  water-tight.     Place  a 

5-inch  cast-iron  overflow  with  hub  connection  in  top  of  cistern 
where  shown,  and  cement  in  tightly 


Filter 
Build  in  cistern,  as  located  on  plans,  a  good  brick  filter. 

Iron  Work 

All  manner  of  iron  work  necessary  to  make  the  whole 
job  of  work  complete  to  be  done  and  finished  in  a  satisfactory 
manner.  Furnish  all  chimney  braces  where  required,  and 
all  ash-pit  openings  to  be  provided  with  cast-iron  doors  prop- 
erly fitted  and  secured  and  of  sizes  called  fon 

I. 

Provision  for  Heating 

The must  provide  all  stoves, 

salamanders,  or  other  heating  apparatus  and  keep  the  build- 
ing thoroughly  heated  while  the  plastering  is  being  done 
and  until  thoroughly  dry.  He  will  also  provide  all  coal  or 
other  fuel  for  the  use  of  same 

Signed, 
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CARPENTER'S  SPECiFICATIONS 
Specifications  of  labor  and  material  required  in  the  Car- 
penter Work  foi^a  Frame  Dwelling  to  be  erected  for 

according  to  plans  drawn  by 

Architect. 

Enclosing  studs, .inches  from  centers 

First-floor  Joists " 

Second-floor  Joists,   **         "  " 

Attic-floor   Joists    "         "  *• 


Rafters,   

Dormer  rafters,    

Collar  beams 

Partitions,    

Partition  heads 

Bearing  partitions 

Window  and  Door  studs. 

Hips  and  valleys 

Ridges 

Plates 

Girths 

Posts 

Sills 

Bridging,   

Braces,    

Floor-beams   


Porch  and  Veranda  Timbers 

Girders Inches  from  centers 

Joists "         " 

Rafters,   " 

Sills " 

Sills,    

Cedar  posts 

And  all  other  necessary  timber  required  throughout  the  build? 

Ing  to  be  of  good,  sound sawn  true  and  square, 

free  from  sap,  shakes,  dry  rot  or  other  imperfections  impair- 
ing its  durability,  and  all  timbers  used  throughout  must  be 
prepared  and  framed  according  to  the  plans,  sections  and 
details.  All  joists  to  have  the  crowning  edge  placed  up- 
wards and  sized  to  proper  widths.  Also  prepare  and  size  all 
studding*  etc.  Cross  bridge  all  Joists  at  distances  not  exceed- 
ing  8  feet  apart,  with  2x3.  The  carpenter  must  size  and 
fur  the  under  side  of  all  Joists,  and  leave  everything  stralglit 
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and  true  for  the  lather.  All  trimmers  and  headers  must  be 
framed  double,  and  double  all  joists  under  all  stud  partitions, 
that  do  not  bear  upon  partitions  below;  in  no  case  allow  less 
than  4  inches  between  chimney-breast  and  trimmers.  Frame 
all  trusses  as  per  details  for  same.  The  height  of  stories  as 
figured  upon  the  drawings  in  every  case  is  between  timbers. 
Clear  the  building  and  premises  at  the  completion  of  the 
work  of  all  rubbish  caused  by  building  operations,  and  leave 

the  building  broom  clean 

The  carpenter  must  provide  all  temporary  doors  and  sash 
to  keep  the  building  closed;  he  must  also  provide  all  tem- 
porary sash-boards,  etc.,  and  keep  the  building  thoroughly 
closed  in  cold  or  freezing  weather.  Should  the  plastering 
be  done  in  warm  or  summer  weather,  all  windows  must  be 
tightly  closed  with  good,  strong  sheeting  secured  with  laths. 

L....* 

Frame 
The  house  to  be  full  frame,  all  frame-stayed  and  braced 
in  the  strongest  manner;  perfectly  true  and  plumb,  and  in  ac- 
cordance with  the  framing  drawings 

Gables 
Place  and   frame   all   gables   as   per   drawings.     Where 
ahingles  are  introduced  they  must  be  of  uniform  width.  .... 


Partitions 
All  partitions  throughout,  the  building  to  be  set  accord- 
ing to  the  plans.  Bearing  partitions  on  first  floor  must  foot 
upon  the  girders  below,  and  be  capped  on  second  story  with 
plate  for  the  reception  of  the  joists.  Bearing  partitions  on 
the  second  floor  to  foot  upon  the  plate.  The  studs  at  angles 
to  be  thoroughly  spiked  together  before  being  placed  in 
position.  All  doors  to  be  trussed  over  the  top  thoroughly 
and  substantially.  All  partitions  to  be  seized  to  a  straight 
edge.  Double  all  studs  at  sides  and  head  of  door  and  win- 
dow openings.     Put  on  grounds   for  finish  throughout  the 

building.    

.*•••••• • 

8heathlng 
The  building  to  be  sheathed  on  the  outside  frame  with 
good,  sound  %  matched  boards  not  to  exceed  10  inches  in 
width,  nailed  with  two  nails  -to  every  bearing.    These  boards 
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to  be  placed  in  frame  horizontally  with  Joints  broken*  . . 


Roofs 

Coyer  all  the  roofs,  including  those  of  porch,  piazza,  etc., 
with  good  hemlock  boards,  planed  on  one  side  to  an  even 
thickness,  and  well  nailed  to  every  rafter.  All  of  the  rough 
carpentry  necessary  to  form  the  projection  of  eaves,  as  re- 
quired for  all  cornices,  gutters,  etc.,  to  be  done  in  accordance 
with  the  plans  and  details.  All  to  be  composed  of  good» 
sound  lumber,  and  put  on  in  a  good  substantial  manner. 
Build  all  secondary  gutters  required  to  carry  sufficient  water 
to  tank  in 

Cistern  Cover 
Cover  the  cistern  over  the  top  with  2-inch  hemlock  plank, 
and  lap  the  joints  with  1-inch  boards;  make  thoroughly  tight* 
and  leave  manhole,  and  cover  the  same  with  batten  doors. 

Lumber 
The  lumber  used  throughout  to  be  of  white  pine  unless 
otherwise  specified.    All  of  the  exterior  finishing  lumber  to 

be  composed  of   lumber.     All  inside 

finishing  lumber  to  be  clear  and  dry,  free  from  saps,  shakes, 
or  knots 

Exterior  Finish 
All  of  the  exterior  finish  for  comer  boards,  window  and 
door  casings,  cornices,  water  tables,  verandas,  bands,  sid« 
Ings,  and  all  manner  of  finish  shown  on  plans  and  details, 
to  be  of  lumber  as  above  specified,  and  primed  as  soon  as 
put  up.    The  exterior  surface  of  the  building,  where  required 

by  the  plans,  to  be  covered  with  

face  of  white  pine,  as  specified  under  the  head  of  lumber. 

Verandas 
Construct  all  porches  or  verandas  in  strict  accordance 
with  the  detail  and  working  drawings  prepared  for  the  same. 
Form  all  mouldings  required  for  all  cornices,  railings,  col- 
umns, capitals,  etc.,  with  exactness,  in  conformity  with  the 
full-sized  details  and  sections  for  same 
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Cornices 
All  cornices  to  be  constructed  in  accordance  with  the 
working  drawings  for  same.  All  mouldings  must  be  worked 
with  exactness,  and  no  stock  mouldings  will  be  allowed  un- 
less sanctioned  by  the  architect  All  gutters  must  be  care* 
fully  graded  to  run  all  the  water  to  the  required  outlets, 
all  to  be  put  up  in  a  substantial  manner 

Building  Paper 

The   of  the  building  and  roof 

to  be  covered  with  ply  building  paper,  well  up 

on  the  sheathing  boards,  carried  close  up  to  all  openings. 
Joints  well  lapped  and  nailed. 

Shingles 
All  roofs  to  be  covered  with  the  best  quality  of  sawed 

pine  shingles,  inches  long,  laid  5  inches  to  the 

weather,  and  secured  with  at  least  two  nails  to  every  shingle. 
Start  with  double  courses  at  eaves.  Finish  ridges  with  re* 
bated  ridge  boards  at  least  6  inches  wide. 

Cutting  for  PipeSf  etc. 
The  carpenter  must  do  all  cutting,  casing,  boxing,  bor- 
ing, etc.,  for  pipes  of  all  kinds,  including  plumbing,  heating, 
water  pipes,  etc.  Care  must  be  taken  not  to  cut  ofC  or 
weaken  supporting  timbers.  In  no  case  cut  further  than  2 
feet  from  bearings  nor  more  than  2  inches  out  of  beauL 
Put  np  beaded  casings  in  kitchen  for  the  reception  of  all 
plumbing  pipes,  and  case  and  box  all  pipes  when  required. 

Floors 

Lay  throughout  the  entire  building  a  good  matched 

under  flooring  laid  diagonally,  securely  nailed—' 

Joints  on  bearings  only.  Upon  this  floor  lay  all  other  floors 
of  the  various  kinds  specified.  All  floors,  when  not  other- 
wise specified,  to  be  of  white  pine,  free  from  sap,  shakes, 
black,   unsound  or  loose  knots,  mill  worked,  tongued  and 

grooved,  %-inch  thick,  not  over inches  wide,  all 

well  and  blind  nailed  to  every  Joist  The  porch  floors  to 
be  of  white  pine,  1%  inches  thick  and  2^  inches  face,  the 
Joints  to  be  well  laid  in  white  lead.  All  floors  required 
by  the  plans  to  be  of  lumber  the  best  of  the  kind  specifled, 
all  to  be  tongued  and  grooved,  and  all  blind  nailed  to  each 
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Joist,  and  all  joints  to  be  neatly  smoothed  up.  Lay  through- 
out  the  entire  attic  a  good  pine  floor,  free  from  loose  or  black 
knots,  tongued  and  grooved,  not  over  5  inches  wide,  well 
and  blind  nailed. 

The  kitchen  and  pantry  floors  to  be 

t 

The  bath-room  floor  to  be 


The  dining-room  floor,  to  be 
The  hall  floor  to  be 


Deafening 
Deafen  all  floors  where  required  with 


Doors 
AU  doors  in  the  house,  except  where  otherwise  specified, 

to  be  made  of free  from  sap,  and  must  be 

in  strict  accordance  with  the  drawings.  Size  of  doors  to 
be  marked  on  floor  plans  for  width,  height,  etc.  All  hard- 
wood doors  must  be  veneered  and  flnished  in  a  first-class 
manner.  All  doors  to  be  made  of  the  same  kinds  of  wood 
as  finish  of  rooms  in  which  they  face.  Veneers  to  be  not 
less  than  ^-inch  thick,  laid  on  glued-up  and  white  pine  cores. 

Tlie  front  and  vestibule  doors,  to  be  made  as  detailed, 
to  be  of inches  thick 

All  inside  doors  to  be  

made  of  the  best  white  pine,  and  to  be  

inches  thick 

The  sliding  doors  to  be  made  to  correspond  with  the  sizes 
marked  on  the  plans,  to  be  inches  thick. 

All  doors  marked  on  the  plans  as  sash  doors  to  have 
proper  rebates  for  receiving  glass,  and  suitable  provisions 
for  same  with  beads,  etc 

All  necessary  dwarf  doors  to  be  provided  where  needed 
for  all  pantries,  closets,  sinks,  etc.,  paneled  or  battened  and 
beaded  as  the  case  may  require,  and  as  shown  on  scale 
details.  All  dwarf  doors  to  be  composed  of  clear  white  pine» 
ai>4  to  be  inches  thick.  
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All  outside  and  inside  cellar  doors,  required  by  the  plans. 
to  be  of  kind  known  as  batten  doors,  made  of  two  thick- 
nesses of  %  ceiling  boards,  hung  to  strong  plank-cased 
frames 

Build  all  hatchway  doors  required  by  the  plans  of  two 
thicknesses  %  lumber,  and  hang  to  a  substantial  frame-work 
with  good  wroughMron  strap  hinges.  Case  the  top  of  stone 
aide  walls  in  a  good  and  substantial  manner.    Provide  good 

plank  stringers  and  steps  to  cellar,  to  be  of  2-ihch 

lumber.    Furnish  all  flush  rings  to  raise  doors,  and  leave  all 
complete 

All  outside  doors  to  be,  as  shown,  of  best  white  pine,  to  be 

inches  thick,  also  make  all  other  doors  required 

by  the  plans  and  details  in  the  most  workmanlike  manner. 

The  vestibule  to  have  a  floor  laid  on 

top  of  floor  the  same  to  be  laid 

diagonally.    The  sides,  soffits,  and  jambs  to  be  finished  with 

all  to  be  paneled  and  moulded  as  shown 

by  detail  drawings  


Hardware 

Butts.    The  sliding  doors  to  be  hung  on patent 

door  hangers,  the  track  boxed  in  as  per  furnished  directions. 
Hang  all  doors  throughout  with  loose  pin  butts  of  sufficient 
size  to  throw  them  clear  of  architraves.  All  doors  over  seven 
feet  high  to  have  three  butts  each.    Butts  on  front  doors  to 

be    

Butts  on  all  inside  doors  to  be  

Butts  on  side  and  rear  doors  to  be 

All  dwarf  doors  throughout  to  have  suitable  butts  to  match 
other  furniture,  and  all  door  butts  to  be  loose  pin.  The  cellar 
doors  to  have  strong  wrought-iron  hinges,  with  hooks  and 
staples,  and  all  trap-doors,  if  any,  to  have  the  necessary  flush- 
rings  to  raise 

Doubie-Acting  Hinges.    Place double-acting 

binges  on 

Knobs,  Roses  and  Escutcheons.    The  front  and  vestibule 

doors  to  have  knobs,  roses  and 

escutcheons.    All  other  outside  doors  to  have 
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knobs,  roses,  etc.    All  inside  doors  to  have knobs^ 

roses,  etc  Put  suitable  knobs  on  all  dwarf-doors,  press-doors, 
etc 

Locks.    Front  and  yestibule  doors  to  have  a 

lock,  with  two  keys,  and  to  have  

front  and  striking  plates.  All  other  outside  doors  to  have  a 
good  4-inch  lock  with  brass  front  and  striking  plates,  and 
two  keys.    All  principal  doors  inside  to  have  a  good  SH-inch 

mortise  lock,  with  front  and  striking 

plates.     Sliding  doors  to  have  locks  with  astragal  fronts  of 

and  flush  furniture  of 

All  small  closets,  presses,  drawers,  etc.,  to  have  suitable  locks 
as  approved.  All  door  locks  throughout  to  be  mortise  locks 
and  of  the  best  manufacture 

Sash  Locks  and  Lifts.  All  sash  locks  throughout  to  be  of 
Also  all  lifts  to  corres- 
pond with  same 

Blind  Hinges.    The  inside  blinds  to  be  hung  on 

inch  Berlin  bronze  parliament  butts,  and  trimmed  with  shut- 
ter bars  of  same.  The  outside  blinds  to  be  hung  on  approved 
outside  blind  hinges  and  trimmed  with  appropriate  appliances 
for  fastening.     

Wardrobe  Hooks.    Put  two  rows  of  wardrobe  hooks  in  all 

clothes  closets.    All  drawers  to  be  trimmed  with 

pulls,  and  all  other  hardware  and  trimmings  to  make  the 
whole  Job  of  work  complete,  to  be  furnished  of  the  best  kind 
specified 

Boits.  All  double  doors  to  have  sliding  bolts  at  top  and 
bottom,  with  levers  and  rods,  all  to  be  mortise  bolts  of  suit- 
able size,  and  to  correspond  with  the  other  furniture  of  doors 

on  which  they  are  placed.    The  front door 

to  have  mortise  bolts  of   All  hardware 

and  trimmings  of  all  kinds  throughout  the  building  required, 
and  not  specially  cited,  to  be  furnished  in  conformity  with 
other  work  where  used 

Window  Frames 
All  window  frames  constructed  to  correspond  with  the 
working  drawings  for  the  same.    All  to  be  made  box  frames 
and  fitted  for  weights.    All  made  of  clear  white  pine  well  sea- 
soned.    Pulley  stiles  1%  yellow  pine  oiled;   H-inch  parting 
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strip,  2''inch  double  sunk  sUl,  inside  and  outside  casings  and 
staff  beads.  The  cellar  windows  to  be  constructed  In  ac- 
cordance with  detail  drawings  for  same.  Put  in  %-lnch  rods 
3  inches  apart  placed  upright  For  sizes  of  glass  see  floor 
plans.  Read  first  figure  for  width  and  second  figure  ^for 
height,  thus  30x34.  All  windows  shown  on  plans  as  box 
frames  to  have  recessed  pockets  finished  in  accordance  with 
the  detail  drawings  for  same.  All  window  stop  beads  to  be 
composed  of  the  kind  of  wood  used  in  finish  of  rooms  in 
which   they  face. 

Sash 

The  sash  to  be inches  thick  and  hung  on  silyer 

lake  cords,  weights  and  noiseless  steel  axle  pulleys.     Sash 

In  cellar  windows  to  be inches  thick,  and  to  be 

hung  on  back-fiaps  and  secured  with  hooks  and  staples.  All 
sash  to  have  approved  sash-locks  and  lifts 

Transoms 

Transoms  to  be  placed  over doors,  the 

sash  to  be  glazed  with   glass,   properly 

hung  on  reversible  pivots,  and  operated  by  transom  lifter. 

Glass 

The  window  sash  to  be  glazed  with   

glass,  to  be  well-bedded,  bradded,  back  puttied,  and  cleaned 

off.     The  cellar  windows  to  have   glass. 

Also  provide  and  set  all  glass  for  all  sash  doors  where  shown 
on  plans.  All  glass,  where  shown  in  front  or  side  door 
panels,  to  be  of glass 

Cathedral  Glass.    All  cathedral  glass  to  be  furnished  by 


Blinds 
The  windows  to  have  outside  rolling  blinds  made  of  best 
white  pine 

Interior  Finish 
All  to  be  constructed,  as  required  by  the  plans  and  de- 
tails, with  sound,  clear,  thoroughly  seasoned,  kiln-dried  white 
pine,  unless  otherwise  specified.    All  put  up  with  neat,  close 
joints,  smoothed  up,  and  well  sand-papered  with  the  grain. 
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Base  to  be  put  down  in  all  apattments  not  wainscoted.  Beads 
to  be  put  on  all  comers,  and  rubber  tipped  door  stops  for  all 
doors  of  wood  to  match  finish  of  room.  


The  bp^tbroom  to  be  flni«ihed  with  .  - .  r  - ....,...,.«  w  ...  r 

The  kitchen,  nan  tries,  etc..  to  be  flnls*»«d  xr\fh 

The  hall  to  be  finished  with 

The  front  and  back  parlors  to  be  finiahAd  xtrlth 

The  library  to  be  finished  with 

Tt/v^mR  ov«r 

. .  fn  hA  flnlRhAil  with 

Stairs 
All  stairways  to  be  built  where  located  on  plans.  The 
main  staircase  to  be  built  and  supported  on  strong  plank 
strings,  the  risers  to  be  %-inch  and  the  treads  1%  inches 
thick,  rebated  and  glued  together.  Dimensions  in  all  cases 
for  height  of  Irisers  and  width  of  treads  to  be  measured  from 
the  building.    The  perpendicular  space  under  the  stairs  to  be 

finished  with  The  soffit  under  stairs  to  be 

finished  with The  treads,  risers,  and 

platform  of  main  stairs  to  be  of All  stairs 

must  be  put  up  after  the  plastering  is  dry.  The  attic  and 
kitchen  stairs  built  as  required  by  the  plans,  of  a  good  quality 
of  stock.  All  cellar  and  outside  stairs  to  be  built  on  good, 
strong  plank  strings  provided  with  plank  steps  of  pine  put 

up  and  thoroughly  secured 

••■■•••••.•••.••■•...•..•.•..«...•......••••*••••••••••••••• 

Newels,  Rails,  and  Balusters 
The  newels,  rails,  and  balusters  and  stringers  to  be  of 

selected  dry   worked   and  moulded, 

carred/  etc.,  in  accordance  with  the  detail  drawings  for  same. 

Closets 
The  closets  to  be  fitted  up  with  beaded  cleats  for  the 

reception  of  wardrobe  hooks.    Also  put  up rows  of 

shelves  on sides,  placed  on  beaded  cleats. 
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Bathroom 

Wainscot  the  walls  of  bath-room  to  the  height  of 

feet  with  narrow  beaded  %-inch  ceiling inches  wide, 

and  cap  with  neat  beveled  and  moulded  cap.  Put  up  fascia 
boards  for  plumbing  pipes  to  support  W.  C.  tank.    

Kitchen   Pantry 
The  kitchen  pantr7|  to  be  fitted  up  with  white  pine  shelves, 

to  be  placed  on  all  available  sides shelves  on  each 

aide,  to  be  of  %-inch  lumber,  with  standard  in  center  from 
bottom  to  top.  Build  a  counter  shelf  2  feet  4  inches  high, 
and  20  inches  wide,  by  1%  inches  thick,  under  which  ar- 
range for  two  closets  enclosed  with  panel  doors.    Also  put 

In  drawers.     Shelves  on  sides  to 

be  enclosed  with  panel  doors,  all  to  be  properly  fitted  and 
trimmed.  Also  furnish  all  trimmings  for  the  full  and  proper 
eompletion  of  the  property 

China  Closet 
Fit  up  china  closets  with  shelves;  put  in  counter  shelf 

two  feet  high  and drawers  underneath;  furnish 

all  trimmings  for  same.    

Kitchen   Sink 
Cell  up  for  splash-back  sixteen  inches  high  over  sink,  with 
narrow  beaded  battens  and  caps  same  as  wainscoting.    

Wainscoting 
Wainscot  walls  of  kitchen,  pantry,  etc.,  with  ^-inch  beaded 
celling  3  Inches  wide,  and  cap  with  a  neat   beveled   and 
moulded  cap.    All  wainscoting  to  be  feet  high. 

Mantels 

Furnish  and  place  where  shown  mantels  to 

correspond  with  the  detail  drawings  for  same,  to  be  of 

Scuttle 

Place   a    scuttle   in   roof   connecting   with 

to  be  properly  tinned,  well  secured  with  proper 

fastenings,  and  made  perfectly  water  tl^t.    
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Door  Bell 

Provide  and  install  where  required  a  good  electric  door 
bell,  push  button  and  plate  to  match  other  furniture  of  door. 
Put  up  bell  where  directed  and  provide  batteries  necessary. 

Tank 

The  tank  in as  shown  on  plans,  to 

be  constructed  of  pine;  the  bottom  formed  of  1x3  inch  pieces 
of  pine  laid  on  edge  and  firmly  nailed  together.  Build  on  top 
of  the  bottom  so  made  with  1x4  inch  pieces  of  pine  laid  flat- 
ways and  well  nailed  together,  the  comers  lapped  alternately, 
the  whole  to  be  supported  on  strong  timbers  having  a  solid 
bearing.  Double  up  all  joists  underneath  tank  and  bridge 
thoroughly;  also  truss-brace  all  supporting  partitions  under- 
neath  V 

Coid-AIr  Duct 
Construct  a  fi-ame  of  2-inch  plank,  to  be  built  in  under- 
pinning, where  marked  on  plans,  to  admit  cold  air  to  fur- 
nace; cover  with  coarse  wire  netting;  construct  a  cold  air 
box  from  this  opening  to  furnace  and  make  air  tight  to  suit 
the  requirements.  Put  in  a  slide  damper  inside  of  cellar  wall, 
imd  make  the  whole  job  complete 

Coal   Bins 
Build  coal  bins  in  cellar  where  indicated,  fitted  with  slide 
openings  and  hopper.     

Tinning 
The  angles,  valleys,  gutters,  etc.,  of  all  roofs  to  be  cov- 
ered with  the  best  IX  roofing  teme,  with  brand  of  maker  on 

each  sheet    Brand  to  be  approved  by  architect 

Cover  roofs  with  same  brand  I  C  teme  plates.  The  gutters 
to  be  properly  lined,  and  run  the  tin  up  under  the  shingles 
at  least  10  inches;  bring  the  tin  over  the  face  of  the  cornice 
and  tack  it  down  smoothly.  All  tinning  Ihroughout  to  be 
well  locked,  nailed  and  soldered  in  resin  and  made  perfectly 
water-tight  Leaders  of  galvanized  iron  put  as  indicated  on 
plans  with  all  the  necessary  curves,  breaks,  bends,  etc.,  to 
carry  the  water  from  the  several  roofs  to  the  cistern.  The 
leaders  to  be  of inch  calibre  and  thoroughly  sec- 
ured with  hooks  and  carried  to  cistern;  to  be  given  proper 
fall,  and  hooked  to  Joists  with  iron  hooks.     Flash  around 
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chlmne3r8  and  walls  with  stepped  cap  flashing.  Cap  to  lap  at 
least  4  Inches.  All  proper  and  necessary  places  to  be  flashed 
whether  specified  or  not,  and  everything  requisite  to  make 
all  places  water-tight  must  be  done,  all  leaks  to  be  stopped 
after  other  craftsmen,  and  everything  left  perfectly  water- 
tight on  the  completion  of  the  building.  Cap  all  window  cas- 
ings, projecting  comiceB,  returns,  etc 

Galvanized  Iron  n 

Furnish  all  galvanized  iron,  24  gauge,  required  by  the 

plans 

Signed, 


PAINTER'S  SPECIFICATIONS 

Specifications  of  labor  and  material  required  for  the  Paint- 
ing and  Finishing  of  a  Frame  Dwelling  to  be  erected  by 

according  to 

the  plans  drawn  by ,  Architect 

All  material  used  throughout  the  building  to  be  furnished 
of  the  best  quality,  and  all  labor  to  be  performed  for  the  full 
and  complete  painting  of  the  building 

Exterior 

All  the  exterior  wood  and  iron  work  must  have 

good  coats  of colored  as  directed.    Paint 

all  the  tin  and  galvanised  iron  work  with   coats 

best  mineral  paint      

Interior 
All  interior  woodwork  to  be  painted  where  required,  must 
be  well  sand-papered,  puttied,  and  rubbed  down.    All  painted 

with good  coats  of 

in  snch  colors  or  tints  as  may  be  directed.    

Hardwood 
AH  hardwood  to  be  filled  with  the  best  paste  or  liquid 
filler,  properly  and  evenly  filling  the  grain  of  the  wood  by 
nibbing  in  and  cleaning  off  thoroughly  shortly  after  putting 
it  on  while  wet;  follow  this  with  one  coat  of  pure  spirit 
shellac,  and  rub  down  with  O  or  00  sand- 
paper; finish  on  this  with coats  of 
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,  rubbed  down  with  pumice  and  water  to  a 

dead  and  even  surface,  oiled  and  well  wiped  off.    


PInef  etc^  In  Natural  State 

All  the  woodwork  for to  have  one 

coat  of  pure  spirit shellac,  and  

coats  of ,  treated  and  applied  same 

as  specified  for  hardwood 

Hardwood  Floors,  etc 

All  hardwood  floors  and  treads  of  stairs  not  to  be  painted 
or   carpeted   to  be  filled   with   properly  prepared   paste  or 

liquid  filler  and  finished  with  two  coats  of 

rubbed  down  with  pumice  and  water,  oiled  and  wiped  ofC. 
All  hard  pine  fioors  not  painted  or  intended  for  carpets  to 
to  be  given  two  coats  of 

Inside  Blinds 
Fill  with  best  paste  or  liquid  filler  properly  applied,  and 

followed  by  one  coat  of  pure  spirit  shellac» 

well  rubbed  down  with  sand-paper,  and  finish  with 

rubbed  down  with  pumice  and  water,  oiled  and 

wiped  off.     

Inside  Front  Doors 
To  be  filled  with  the  best  filler  properly  applied,  followed 

by  one  coat  of  pure  spirit  shellac,  well 

rubbed  down  with  sand-paper  and  finished  with 

coats  of 


Inside  Sashes 
To  be  finished  with  


Memorandum 


Signed, 
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HEATING  SPECIFICATIONS 

Specifications  of  labor  and  materials  required  In  the  Heat- 
ing of  a  Frame  Dwelling  to  be  erected  for 

according  to  plans  drawn  by 

Architect 

The  specifications  are  intended  to  embrace  the'  heating 
apparatus  proper,  together  with  all  smoke  pipes,  tin  hot-air 
pipes,  register  boxes,  registers,  wire  netting  and  dampers, 
complete;  also  all  cartage,  transportation,  and  labor  of  every 
kind,  excepting  only  mason  and  carpenter  work.     


Sizes  of  Pipes  and  Registers 

First  Story— The  front  hall  is  to  have  12-inch  pipe  and 
12x15  inch  register.  The  parlor  is  to  have  12-lnch  pipe  and 
12x15  inch  register.  The  back  parlor  or  living  room  to  have 
12-inch  pipe  and  12x15  inch  register.  The  dining  room  is  to 
have  12-inch  pipe  and  12x15  inch  register 

Second  Story — The  chamber  over  dining  room  Is  to  have 
10-lnch  pipe  and  10x14  inch  register.  The  chamber  over 
parlor  is  to  have  10-lnch  pipe  and  10x14  inch  register.  The 
chamber  over  kitchen  is  to  have  9-inch  pipe  and  9x12  register. 
The  chamber  over  back  parlor  or  living  room  is  to  have 
10-lnch  pipe  and  10x14  inch  register.  The  chamber  over 
hall  is  to  have  9-lnch  pipe  and  9x12  inch  register.  The  bath- 
room is  to  have  8-inch  pipe  and  8x10  inch  register. 

Bach  room  is  to  have  an  independent  hot  air  pipe,  and  all 
hot  air  pipes  to  be  made  double  when  they  pass  through  floors 
or  partitions  or  behind  furrings.  The  pipes  must  be  care- 
fully arranged  so  that  all  may  draw  equally,  with  easy  turns 
at  every  change  in  direction.  All  register  boxes  are  to  be 
made  double;  all  tin  work  to  be  made  of  XX  bright  tin,  and 
all  woodwork  within  one  inch  of  any  hot  air  pipe,  or  sixteen 
inches  of  smoke  pipe,  to  be  protected  with  pieces  of  bright 

tin,  securely  nailed  on.    All  registers  are  to  be  of 

make,  all  to  be  placed  where  shown  on 

plans,  or  as  may  be  directed.  All  registers  to  be  black  Jap- 
anned.     \ 

Cold-Air  Duct 
The  cold-air  duct  to  be  furnished  and  built  by  the  car- 
penter.    Connect  the  cold-air  duct  with  furnace  with  gal« 
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Yanized  iron  at  a  sufficient  distance  from  the  furnace  to 
render  it  fire-proof. 

Regulator 

Furnish  and  put  on  in  the  best  manner  

automatic  regulator,  to  act  both  upon  the  check-draught  and 
the  damper  in  the  smoke-pipe,  and  leave  all  in  complete  work- 
ing order.     

Signed, 


PLUMBER'S  SPECIFICATIONS 

Specifications  of  labor  and  materials  required  in  the  Plumb* 

Ing  and  Gasfitting  of  a  Frame  Dwelling  House  for 

according  to  the  plans  drawn  by 

Architect,  and  under  his  supervision  and 

direction. 

General  Conditions 

Before  beginning  work,  the  Plumber  is  to  submit  for  ap- 
proval and  place  on  file  at  the  office  of  the  Board  of  Health 

of a  copy  of  their 

specifications  and  accompanying  drawings.  The  plumber  is 
to  do  (or  personally  superintend  the  doing  of)  all  the  herein 
specified  work  promptly,  as  the  progress  of  the  building  re- 
'  quires,  and  is  to  give  proper  authorities,  at  proper  times,  aU 
requisite  notice  and  obtain  all  necessary  permits  relating  to 
such  work.  Also  obtain  official  permits  and  license  for  tem- 
porary obstructions,  and  pay  all  proper  fees  for  same;  he  is 
also  to  carry  forward  his  work  at  all  times,  with  the  greatest 
reasonable  rapidity. 

When  the  specifications  vary  from,  or  confiict  with,  the 
drawings,  the  plumber  is  to  be  governed  by  the  specifications. 

All  work  is  to  comply  with  the  ordinances  of  the  city, 
and  with  the  ordinances,  rules  and  regulations  of  the  Board 
of  Health,  and  all  such  ordinances,  rules  and  regulations  ap- 
plicable to  plumbers,  plumbing  and  drainage  are  considered 
a  portion  of  these  specifications. 

The  Architect  and  Plumbing  Inspector  are  to  have  free 
access  to  the  work  at  all  times. 

The  Architect,  or  Plumbing  Inspector,  may  cause  the  re- 
moval from  the  work  of  any  incompetent  workman,  and  reject 
any  pipe,  fixture,  or  piece  of  work  which  does  not  meet  the 
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requirements  of  these  specifications,  and  all  at  the  expense  of 
the  Plumber. 

All  necessary  Mason's  and  Carpenter's  work  is  to  be  fur- 
nished by  the  owner,  without  expense  to  the  Plumbing  con- 
tractor.   The  Plumber  is  not  to  cut  wood  work. 

City  Water  In  Yard 

It  to  be  brought  from to  a  point  inside  of 

oeUar  wall.    Through  a This  pipe  to  be 

laid  4  feet  under  ground.  Digging  and  filling  trench  to  be 
dene  by  the  Plumber. 

'  Street  Hose  Attachment 
Furnish  and  place  on  City  Water  Pipe,  either  in  yard,  or 
Inside  of  front  cellar  wall,  a 

Soil  Pipe  and  Branches 

From  front  cellar  wall  a  line  of extra  heavy 

cast  iron  soil  pipe,  is  to  be  carried  back  to  a  point  where 
necessary  to  receive  upright  lines  of  soil  pipe  and  to  the 
cistern  overfiow.     This  pipe  to  have  a  fail  not  less  than 

inch  to  the  foot    Where  this  line  of  pipe  enters 

house  end  of  the  sewer  tn  yard,  place  a run- 
ning trap,  with  hand  hole  properly  closed.    On  the  house  side 

of  and  near  the  water  seal  of  this  trap  place  a inch 

fresh  air  inlet  pipe  which  is  to  rise   feet  above 

ground  and  to  have  an  open  turndown  end.  This  opening 
to  be  carried  away  from  any  window. 

A  line  o^  4-inch cast  iron  soil  pipe  is  to 

be  carried  from  sewer  in  cellar  up  and  through ft 

above  roof,  and  to  have  a top  and 

ventilator 

The  soil  pipe  is  to  have  the  same  diameter  to  the  roof, 
and  it  may  be  greater,  but  never  smaller  above  roof.  All 
branches  into  the  soil  pipe  must  be  T  branches.  All  points 
In  the  soil  pipe  must  be  made  thoroughly  tight  by  caulking 
with  oakum  and  melted  lead.  All  cast  iron  pipe,  including 
both  waste  and  air  pipes,  are  to  be  of  the  best  quality.  These 
pipes  are  to  be  put  up  in  the  best  manner  by  hooks,  hangers 
or  pipe  rest.  The  mouths  of  all  soil  or  vent  pipes  above  the 
roof  are  to  be  located  away  from  windows,  chimney  tops  or 
ventilating  shafts.  Where  these  soil  or  vent  pipes  pass 
through  roof,  a  water  tight  Joint  must  be  made  by  providing 
and  fitting  a  fiashing  of 
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and  to  be  securely  fastened  to  roof.  All  Joints  between  the 
cast  iron  pipes  and  the  lead  pipes  are  to  be  made  with  cast 
brass  ferrules,  of  same  size  as  the  lead  pipes,  and  soldered 
to  the  lead  pipe  by  wiped  joints,  and  caulked  with  melted 
lead  and  oakum  into  the  cast  iron  pipes.  When  cast  iron  is 
in  place  and  before  fixtures  are  set  or  plastering  begun  make 
hydraulic  test 

City  Water  in  House 

From  cellar  wall  continue inch pipe 

to  

above  first  floor  joist  use  

Inch pipe.    Place  a inch 

stop  and  waste  cock  on  city  water  pipe  near  cellar  wall. 

Lead  Pipes 
Support  all  lead  pipes  by  metal  tacks  soldered  to  pipea* 
and  fastened  with  screws  to  boards  put  up  by  the  carpenter. 
Use  no  hooks  for  fastening  lead  pipes.  All  joints  between 
lead  pipes  are  to  be  wiped  joints.  Keep  hot  and  cold  water 
pipes  everywhere  at  least  one-half  inch  apart  Run  no  lead 
pipes  on  outside  walls,  unless  absolutely  necessary.  When 
pipes  are  liable  to  freeze,  they  must  be  properly  protected. 

Tank  and  Connections 

Line  a  tank,  on floor ft.  long •  • 

ft.  wide  ft.  deep,  furnished  by  owner  ready  for  lin- 
ing, with  sheet of Wipe  the 

seams  and  dot  the  sides  24  inches  from  center  to  center,  place 

a inch  cork  and  key  in  tank  on  supply  to  fixtures 

Connect  the  tank  with  the  stop-cock  by  a    inch 

lead  pipe.    This  pipe  to  be  carried  to  boiler  in 

kitchen  and  from  it  branches  are  to  be  taken  to  all  fixtures 
to  be  supplied  with  cold  tank  water. 

To  empty  tank  provide  a  inch  T  handle  stop- 
cock connected  to.  the  bottom    of    tank    and    carried  into 

The  tank  is  to 

be  provided  with  a inch galvanized  flow- 
pipe,  and  It  Is  to  be  carried  to  cistern  in  cellar,  or  to  nearest 

roof 26  iron 

Control  supply  to  tank  with  Berkley  ball  float  and  valve. 
Supply  range  boiler  and  W.  C.  tanks  from  tank. 

Boiler  and  Connections 

Furnish  a gall,  heavy  pressure • 

boiler  on  stand,  placed  in  kitchen.    The  boiler  is  to  be  sup- 
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plied  with  water  through  a inch pipe,  and 

Is  to  be  connected  with  water  back  of  range,  water  back  to 

be  furnished  by  owner,  through  a inch  

brass  pipe  and  brass  couplings.    A  inch  shut  off 

cock  is  to  be  placed  on  supply  pipe  at  top  of  boiler.    Provide 

inch lead  sediment  pipe  with  a 

cock  at  bottom  of  boiler. 

From  the  highest  point  in  the  hot  water  pipe  return  a 

lead  to  be  connected  to  sediment  pipe 

between  cock  and  boiler.    This  pipe  to  act  as  a  circulation 
pipe.    Also  from  highest  point  in  the  hot  water  p^pe  run  a 

inch  pipe  up  to  and  over  top  of  tank 

leaving  end  open  for  escape  of  steam.    A  separate  line  of 

inch pipe  must  be  carried  back  from 

top  of  boiler,  to  supply  hot  water  to  the  different  fixtures. 

Kitchen  Sink  and  Pump 

Furnish  and  place,  as  per  plan sink. 

Connect  sink  to  soil  pipe  by  a  inch  

lead  pipe.    This  pipe  to  have inch lead 

trap,  near  sink.    Supply  sink  with  city  water  through  a 

Inch pipe  and  faucet.     Supply 

with  hot  water  through  a inch pipe  and 

faucet    Furnish  and  set  a  No 

pump  on  sipk,  pump  to  be  connected  to  cistern  in 

through  a inch pipe 

Wash  Trays 

Furnish  and  place  a  set  of wash  trays  in,  as 

per  plan 

The  wash  trays  are  to  be  connected  to  soil  pipe  by  a 

inch  lead  pipe,  and  each  to  have  a  separate 

trap.    If  possible  make  an  open  connection  over  a  slop  hop- 
per   

Supply  each  wash  tray  with  hot  and  cold   water  through 

inch  lead  branches  ftx>m  main  lines 

of  hot  and  cold  water. 

Butler's  Pantry  Sink 

Furnish  and  place,  as  per  plan  

Supply  same  with  hot  and  cold  water  through inch 

lead  branches,  from  main  lines  of  hot  and  cold 

supply  pipe.    Place  over  the  pantry  sink  2  Nos. 

pantry  cocks,  one  to  be  connected  to  each  supply.    Connect 
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pantry  sink  to  main  soil  pipe,  through  a Inch 

lead  pipe,  and  place  on  this  pipe  near  sink  a lead 

trap    

Sink  to  be  provided  with  a  plug  and  chain. 


Water  Closets 


Furnish  and  place  a  . 
water  closet    Closet  to 


The  closet  to  be  supplied  with water,  . 

through inch branches 

Seat  Ventilation 

Ron  a inch pipe  from  beneath  seat 

of  each  water  closet  upward  to  and  through  the  roof ' 

ft This  pipe  to  have  a inch 

ventilator  on  top  of  it.  (This  pipe  may  run  near  a  chimney 
for  heat  if  convenient)  One  pipe  must  not  ventilate  more 
that  one  closet  seat 

Bathtub 

On floor,  as  per  plan,  furnish  and  set  a ;. . . . 

bath  tub.    Supply  bath  tub  with  hot 

and  cold   water  through    inch   pipe. 

Connect  bath  tub  vrlth  soil  pipe,  through  a Inch 

lead  pipe.     This  pipe  to  have  placed  in  it  a 

Inch  trap 

The  bath  tub  is  to  be  furnished 

with  a  cock  and  nickel  plated  plug 

and  chain. 

Wash  Basins. 

Furnish  and  place,  as  per  plan 

marble  slab,  with  countersunk  face  and  moulded  edges,  slab 

to  have inch  wall  plate.    The  slab  is  to  be  provided 

vrtth  a marble  basin.   The 

basin  to  have  N.  P.  plug  and  chain  and  stay.  Connect  the 
basin,  which  is  to  be  properly  clamped  and  stayed  to  the 

slab,  through  a inch pipe,  to  the  main 

soil  pipe.    This  pipe  to  have  placed  in  it,  under  the  basin,  a 

inch trap.    This  basin  Is  to  be  sap« 

plied  with  hot  and  cold  water  through cock 

lead  branches,  and  each  branch  to  have  a  N.  P • 

cock  over  basin.    Set  basin  on  N.  P 

brackets. 
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Slop  Hopper 

Fondsli  and  Bet  a slop  hopper,  as  shown 

on  plans,  connect  same  to  sewer  through  a  inch 

«oU  pipe,  and  this  pipe  is  to  have inch  trap  under- 
neath hopper,  bell  be  cut  off  of  hopper. 

Force  Pump 

Furnish  and  seta one  double 

acting with inch 

cylinder.    Connect  this  pump  to  cistern  through  a 

inch  lead  suction  pipe.    This  pipe  to  pass  up' 

and  over  cistern  walls  and  to  be  provided  with  a inch 

air  cock.    Connect  pump  to  tank  in  attic  through 

a inch  lead  pipe.    This  pipe  to  have 

<m  it  at  convenient  place  a cock  for  use  in  cellar. 

Traps  and  Trap  Ventilation 

Each  fixture  herein  specified  and  elsewhere  provided  for 
In  regard  to  trap  and  trap  ventilation  is  to  have  on  its  waste 
pipe,  near  fixtures,  an  independent  trap.    Every  trap  is  to 

l)e  easily  accessible  and  ventilated  by  a pipe, 

having  the  same  diameter  as  that  of  the  trap.  Bach  venti* 
lating  pipe,  independently,  or  by  entering  a  common  ventil- 
ating pipe,  is  to  enter  the  soil  pipe,  at  least  a  foot  above  the 
waste  opening  of  the  highest  fixture,  or  is  to  pass  through 
roof  enlarged  (if  smaller)  to  a  diameter  of  4  inches  and  to 
«nd  high  enough  above  the  roof  to  insure  a  good  draft,  and 
these  vent  pipes  must  be  placed  remote  from  a  window, 
chimney  or  ventilating  shaft,  and  each  separate  vent  pipe 

must  be  provided  with  a 

vent  top.  All  vent  connections  over  traps  must  be  made  of 
brass  plain  couplings  (so  that  ventilating  pipe  can  be  re- 
moved and  vent  of  trap  closed  when  force  pump  is  used  to 
clear  waste  pipe.)  If  the  vent  pipe  remains  in  place  and  is 
connected  with  other  vent  pipe,  foul  water  may  be  forced 
up  into  common  vent  pipe  whence  it  will  flow  into  other 
fixtures. 

How  Traps  Must  be  Ventilated 

From  a  point  close  to  the  sewer  side  of  each  water  closet, 

bathtub,  basin,  wash  tray,  butler  sink,  kitchen  sink, 

trap,  run  a  trap  up  and  into  either  the 

main  line  of  soil  pipe,  or  into  a  main  vent  pipe.  This  pipe  to 
enter  main  vent  pipes  at  least  one  foot  above  the  highest 
waste  opening  in  building.  Sizes  of  these  vent  pipes  must  be 
for  all  water  closets,  not  less  than  2  inches  and  for  other 
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fixtures,  not  less  than  the  opening  In  the  waste  to  be  yen- 
tilated. 

Watte  Connections 

Must  be  made  Into  soli  pipe,  with  brass  terrjileB  wiped  on 
to  end  of  waste  and  properly  caulked  wtth  melted  lead  and 
oakum. 

Cistern  Overflow 

A Inch  pipe  Is  to  be  carried  from  inside  bot- 
tom of  cistern,  up  and  over  the  cistern  wall  and  down  to, 
with  an  open  end  over  the  cellar  drain 

Cellar  Drain 

Place  under  draw  off  cock,  at  cistern  a Inch  half 

S,  iron  trap,  to  be  connected  Into  T  branch  of  sewer.    The 

opening  of  this  trap  to  be   inches  below  top  of 

grout,  and  provided  with  a by  cellar 

hopper  of Iron. 

Weight  of  Pipe 

2      in.  D lbs.  to  foot.  %  In.  A lbs.  to  foot 

1       "    D "  "      '  1%    "    D "  •* 

1       "   A "  "  1%    "    A " 

1%    "    D "  "  %    "    A "  • 

1%    "    A " 


Other  Fixtures 


Qas  Piping 

Use  good  wrought  iron  gas  piping  of  sizes  required.    No 

pipes  less  than  %-lnch  for  fixture  connections.     The  mains 

to  be  run  as  direct  as  possible,  and  so  graded  that  any  water 

gathering  in  pipe  can  be  run  out  at  a  convenient  point  near 

the  meter 

Secure  all  pipes  in  place  with  iron  holdfasts.    The  pipes  run 

to  supply  burners  where  indicated  on  plans  by 

check.  Nipples  for  fixtures  to  stand  at  right  angles  to  wall 
surface,  and  must  project  1%  inches  from  same.  The  gas- 
pipes  to  be  put  in  as  required  by  the  rules  and  regulations 

of  the  Gas  Company. 

Put  the  Joints  together  in  red  lead,  all  pipes  to  be  capped, 
proven  tight  and  caps  left  on 
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To  be  done  as  per  Rules  and  Regulations  of  Gaslight  Co.,  and 
to  be  done  at cents  per  foot 

Peppermint  Test 
When  the  fixtures  are  all  on,  the  plumbing  complete,  and 
the  water  let  into  the  pipes  so  the  traps  will  be  filled,  then 
apply  the  peppermint  test  to  the  soil  pipes  in  the  house  by 
means  of  putting  into  the  soil-pipe  on  the  roof  an  ounce  of 
peppermint  oil,  followed  by  enough  hot  water  to  carry  it 
through  the  soil-pipe  to  the  cellar  sewer.  Should  an  odor  be 
detected  at  any  point  of  the  plumbing  throughout  the  house, 
the  leakage  is  to  be  found  and  stopped,  and  the  test  applied 

again 

Signed, 


SPECIFICATIONS  FOR  A  BRICK  DWELLING 
If  specifications  for  a  brick  dwelling  are  desired,  a  spe- 
cial printed  form  may  be  obtained  similar  to  that  Just  shown 
for  a  frame  dwelling.  While  the  two  sets  of  specifications 
are  alike  in  most  points,  a  few  changes  in  detail  are 
shown  in  the  following  clauses: 

For  a  brick  dwelling,  the  first  part  of  the  section  headed 
'brickwork*'  under  the  general  heading  of  "Masons'  Specifi- 
cations" should  be  changed  to  read  as  follows: 

Brickwork 
"Use   throughout  the   building  good,  sound,  hard,  well- 
burned  brick.    Refer  to  the  plans  and  sections  for  thickness  of 
walls.    All  brick  used  throughout  the  building  to  be  laid  up 

with  mortar  composed  of  

mortar.  All  brick  walls  to  be  carried  up  straight,  plumb  and 
true  at  the  same  time,  and  all  to  be  carried  up  to  the  exact 
height  and  leveled  properly  for  the  Joists.  If  the  brick  are 
laid  in  warm,  dry  weather  they  must  be  kept  thoroughly 
wet,  but  should  they  be  laid  in  damp,  freezing  weather  the 
brick  must  be  kept  perfectly  dry.  All  Joints  must  be  fiushed 
up  solid  and  leave  no  empty  spaces  in  the  walls.  Vertical 
channels  for  the  reception  of  pipes  for  plumbing,  heating  or 
ventilating  to  be  built  in  walls  where  necessary  or  where 
Indicated  on  the  plans.  Turn  relieving  arches  over  all  doors 
and  windows,  trimmer  arches  for  hearths,  and  'all  other  nec- 
essary places.  Also  build  ledges  for  the  support  of  fioor  tim- 
bers, if  any  are  required.  All  door  and  window  frames  to 
be  solidly  bedded.     All  bricks  to  be  well  and  thoroughly 
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bedded  and  tied  in  every  sixth  course  and  worked  in  reg« 
ular  bond.  Point  up  close  to  all  sills,  copings  and  pro- 
jections. Lay  in  Portland  cement  all  projecting  belting 
courses.  After  the  walls  are  up,  underpin  all  sills  with  suit- 
able mortar.  The  contractor  or  contractors  must  provide  all 
materials  of  every  description  for  the  proper  execution  of 
the  brick  work.  The  walls  are  to  be  kept  covered  in  rainy 
weather  and  properly  protected  at  all  necessary  times.  The 
bricklayer  must  attend  other  craftsmen  when  necessary  to 
properly  back  up  and  fill  in  behind  their  work.  Beam  fill 
in  between  all  joists  flush  with  inside  face  of  brick  walL  All 
of  the  exterior  surface  of  front  must  be  laid  with  the  best 

,  carefully  bonded  to  backing. 

All  street  front  brick  must  be  laid  from  an  outside  scaffold- 
ing and  neatly  washed  down  with  diluted  acid  on  the  com« 
pletion  of  the  brick  work.    All  street  front  brick  to  be  laid  in 


The  following  sections  on  brick  arches,  front  brick,  and 
terra-cotta  should  also  be  added: 

"Brick  Arches.    All  brick  arches,  whether  flat,  segmental, 

or  semicircular,  to  be  laid  in  proper  proportions  of 

mortar  and  Portland  cement  All  arches  called  flat  arches 
must  have  the  bricks  neatly  cut  and  trimmed  and  to  have  a 
splay  at  side  of  arches  not  less  than  six  inches  and  as  de- 
termined by  radius. 

"Front  Brick.  The  quality  of  front  brick  as  cited  above 
to  be  laid  with  

"Terra-Cotta.  Furnish  and  set  where  required  by  the  plans 
all  terra-cotta  ornaments  and  panels.    To  be  of  well  burned 

and  moulded  terra  cotta,  in 

accordance  with  the  full  size  drawings  for  same 

Under  "Carpenter's  Specifications,"  add  the  following  sec- 
tion: 

Wood  Lintels 

"The  carpenter  must  provide  and  set  all  wood  lintels  of 
every  description  for  all  windows,  doorways,  and  other  nec- 
essary places.  Lintels  should  not  be  less  than  10  inches  in 
depth  and  top  cut  to  a  segment  arch.  All  lintels  to  have  a 
bearing  on  walls  of  at  least  4  inches 

m 

The  sections  headed  "Frame"  and  "Sheathing"  may  te 
omitted  in  the  case  of  a  brick  dwelling. 


Preliminaries  to  Estimating 

COST  OF  PLAN8  AND  SPECIFICATIONS. 

The  "schedule  of  proper  minimum  charges  and  professional 
practice  of  architects"  recommended  by  the  Chicago  Archi- 
tects' Business  Association  is  quite  clear  in  its  statement  re- 
garding cost  of  plans  and  specifications. 

The  architect's  professional  services  consist  of  the  neces- 
sary conferences;  the  preparation  of  preliminary  studies, 
working  drawings,  specifications,  large-scale  and  full-size 
detail  drawings;  and  the  general  direction  and  supervision  of 
the  work— for  which,  except  in  special  cases,  the  minimum 
charge  is  6  per  cent,  based  upon  the  total  cost  of  the  work 
complete. 

Bzceptions  to  this  rate  are  as  follows:  Dwellings  cost- 
ing less  than  $10,000,  10  per  cent;  lofts  not  requiring  spe- 
cial planning  for  machinery  or  arrangement,  6  per  cent; 
additions  and  alterations  to  dwellings,  12  per  cent;  addi- 
tions and  alterations  to  business  buildings,  10  per  cent 

In  case  of  discontinuance  or  abandonment  of  the  work, 
the  architect's  charge  shall  be  based  upon  an  estimated  total 
cost,  which  cost  may  be  determined  by  the  architect,  by 
experts,  or  by  the  lowest  bids  of  responsible  contractors. 
"Total  cost"  is  to  be  interpreted  as  the  cost  of  all  materials 
and  labor  necessary  to  complete  the  work,  plus  contractor's 
profits  and  expenses,  as  such  cost  would  be  if  all  materials 
were  new  and  all  labor  fully  paid,  at  market  prices  current 
when  the  work  was  ordered. 

On  furniture,  monuments,  decorative  and  cabinet  work, 
and  landscape  architecture,  it  is  proper  to  make  a  higher 
charge  than  above  indicated. 

The  architect  is  entitled  to  compensation  for  articles  pur- 
chased under  his  direction,  even  though  not  designed  by 
him. 

If  an  operation  is  conducted  under  separate  contracts, 
rather  than  under  a  general  contract,  it  is  proper  to  charge 
a  special  fee  in  addition  to  the  charges  mentioned  above. 

Where  heating,  ventilating,  mechanical,  structural,  elec- 
trical, and  sanitary  problems  are  of  such  a  nature  as  to 
require  the  services  of  a  specialist,  the  owner  is  to  pay  for 
such  services  in  addition  to  the  architect's  regular  commis- 
sion. Chemical  and  mechanical  tests  and  surveys,  when 
required,  are  to  be  paid  for  by  the  owner. 

118 
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Necessary  traveling  expenses  are  to  be  paid  by  tbd 
owner. 

If,  after  a  definite  scheme  has  been  approved,  changes 
In  drawings,  specifications,  or  other  documents  are  required 
by  the  owner,  or  If  the  architect  be  put  to  extra  labor  or 
expense  by  the  delinquency  or  Insolvency  of  a  contractor^ 
the  architect  shall  be  paid  for  such  additional  services  and 
expense. 

The  architect's  entire  fee  is  itemized,  and  proportionate 
payments  on  account  are  due  the  architect,  as  the  following 
items  are  completed: 

Preliminary  studies,  one-fifth;  general  drawings,  one-fifth; 
specifications,  one-tenth;  scale  and  full-size  details,  one-fifth; 
general  supervision  bf  the  work,  three-tenths. 

Drawings  and  specifications,  as  Instruments  of  service^ 
are  the  property  of  the  architect 

PREPARATION   FOR   ESTIMATING 

The  contractor  or  builder  should  be  supplied  with  a  com- 
plete set  of  plans,  details,  and  specifications  for  the  work  in 
hand,  and  be  allowed  to  have  these  plans  and  specifications 
in  his  possession  long  enough  to  take  account  of  all  details 
of  the  construction  which  he  will  be  required  to  furnish.  It 
is  often  the  case  that  a  builder  Is  compelled  to  take  his 
measurements  from  plans  In  an  architect's  office,  with  several 
other  contractors  of  different  trades  examining  the  plans  at 
the  same  time.  This  is  a  dangerous  way  to  take  quantities, 
since  many  details  may  be  omitted  In  the  general  confusion. 

The  plans  and  specifications  should  be  examined  care- 
fully, and  all  building  materials  needed  from  cellar  to  roof 
or  from  foundation  to  finished  structure  taken  off  and  en- 
tered in  carefully  prepared  lists.  After  that,  the  labor  on 
different  parts  of  the  work  should  be  divided  into  the  individ- 
ual operations  needed  in  building  the  finished  structure,  and 
the  cost  of  labor  estimated  at  the  current  day  wages  for  the 
workmen  of  that  locality.  Experience  with  a  given  class  of 
workmen  will  serve  as  the  best  guide  as  to  the  amount  of 
work  performed  per  day  by  these  men. 

In  making  up  lists  of  materials,  allow  for  waste  and  for 
extras  If  any  are  needed.  Look  out  for  odd  sizes  of  materials 
or  fixtures,  since  odd  or  unusual  forms  of  construction  cost 
more  than  ordinary  types. 

Allow  for  accidents,  and  for  work  which  may  have  to  be 
replaced  through  carelessness  of  workmen  or  faulty  mate> 
rials.    Also,  allow  for  depreciation  on  tools  and  equipment 
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used  on  a  Job,  since  these  may  be  injured  during  the  work» 
and  repairs  must  be  paid  for. 

Insurance  on  both  property  and  men  will  add  to  the  cost 
of  the  work,  but  is  generally  a  cheap  investment 

The  profit  to  be  cleared  is  to  be  added  to  the  cost  of  all 
output,  and  should  be  sufficient  to  warrant  the  responsibility 
involved  and  the  amount  of  capital  used  by  the  contractor. 
If  only  good  day  wages  can  be  cleared,  the  contractor  has 
gained  no  great  advantage  over  his  workmen. 

Before  the  contractor  files  his  bid,  there  are  other  things 
which  should  be  noted,  which  may  add  to  the  general  cost  of 
the  structure  itself  due  to  its  location  or  the  kind  of  ground 
on  which  it  is  to  be  built  These  details  do  not  appear  on 
the  plans,  and  can  be  determined  only  by  a  personal  inspec- 
tion of  the  site  of  the  work. 

Examination  of  Site.  An  examination  of  the  location  of 
the  structure  may  show  that  additional  expense  will  be  in- 
curred owing  to  one  or  more  of  the  following  points:  The 
work  may  be  located  at  a  distance  from  the  centers  of  supply, 
thus  causing  heavy  freight  or  haulage  charges  which  will 
add  to  the  ordinary  cost  of  the  material  used;  there  may 
be  no  opportunity  for  storing  or  piling  materials,  and  these 
provisions  may  need  attention;  the  distance  from  the  stor- 
age to  the  work  will  affect  the  cost  of  handling  the  materials 
used;  the  condition  of  the  approaches  to  the  site  will  affect 
the  ease  with  which  materials  may  be  brought  to  the  work 
and  taken  away  from  it 

The  general  condition  of  the  ground  will  determine  the 
amount  of  excavation  needed  and  the  amount  of  filling  to 
be  done  either  before  or  after  conclusion  of  the  work.  The 
nature  of  the  soil  to  be  handled,  the  underground  condi- 
tions, amount  of  blasting  necessary,  amount  of  sheet-piling 
needed,  the  depth  to  firm  soil  or.  bed  rock,  together  with 
any  needed  temporary  protection  of  foundations  and  walls 
— all  are  of  great  importance  in  making  up  the  final  esti* 
mate  on  a  piece  of  work« 
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General  Costs 

CLASSIFICATION   OF  COST  FACTORS 

Cost  factors  may  be  classified  as  general,  special  and 
accessory. 

General  Costs.  Costs  of  this  class  are  common  to  con* 
struction  in  general,  and  embody  such  items  as  preparation 
of  site  for  excavating;  earth  excavation;  rock  excavation; 
foundations  and  footings;  together  with  overhead  expense. 

Special  Costs.  These  costs  include  those  involved  in 
special  constructions  and  for  work  which  is  not  common  to 
all  classes  of  structures.  This  list  of  headings  might  be 
summed  up  as  follows:  Carpentry  work;  mill  work;  brick* 
work;  stonework;  cement  and  concrete  work;  reinforced  con- 
crete construction;  concrete  block  construction;  steel  con*> 
struction;  mill  building  or  slow-burning  construction;  fire- 
proof construction;  roof  construction;  waterproofing  and 
damp-proofing;  sidewalk,  curb,  and  gutter  construction;  roads 
and  pavements;  bridges  and  culverts;  sewers  and  conduits; 
etc.  » 

Accessory  Costs.  These  costs  are  made  up  of  factors 
which  are  incidental  or  accessory  to  various  types  of  con- 
struction. The  following  items  might  be  considered  under 
this  heading:  Sheet-metal  work;  plumbing;  gas-fitting;  elec- 
tric wiring  for  heat,  light,  etc.;  plastering;  painting  and 
decorating;  paperhanging;  glass  and  glazing;  builders'  hard- 
ware: elevators;  ornamental  iron  work;  vacuum  cleaning 
installation;  sound-deadening  of  partitions  and  fioors;  heat- 
ing plant;  cold  storage  plant;  ventilating  system;  together 
with  other  items  of  a  like  nature. 

PREPARATION    OF   SITE 

The  contractor  will  have  to  judge  as  to  the  cost  of  prepar- 
ing the  ground  for  excavating,  since  each  problem  will  be 
an  individual  one.  Some  of  the  points  that  will  have  to  be 
considered  in  this  connection  will  be  as  follows:  Leveling 
the  ground;  surveying;  draining;  removing  any  obstacles 
such  as  stumps  or  rocks;  wrecking  old  buildings;  plowing 
and  scraping;  construction  of  runways  and  driveways  for 
carting  materials;  bracing,  shoring,  or  under-pinning  adjacent 
buildings;  protection  to  adjoining  property;  staking  ont  the 
work;  etc. 
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He  should  also  determine  upon  the  number  of  teams 
needed  to  cart  materials  to  and  from  the  site,  and  the  size  and 
amount  of  plaAt  equipment  necessary  for  that  particular  Job. 

Ownership  of  materials  on  the  site  and  their  disposal 
should  be  clearly  settled.  Also  the  cost  of  water-supply  dur- 
ing construction  should  be  determined. 

Demolition  of  Buildings.  Since  the  exact  procedure  to 
be  followed  in  removing  an  old  building  from  its  site  pre- 
paratory to  the  construction  of  new  work  Is  not  common 
knowledge,  the  following  hints  taken  from  an  article  by  Mr. 
Owen  B.  Maginnis  in  the  "National  Builder"  of  December, 
1909,  may  be  of  service: 

As  the  building  was  commenced  at  the  bottom,  so  it  must 
be  torn  down  by  commencing  at  the  roof;  but  it  is  usual 
first  to  remove  all  projecting  ironwork,  such  as  fire-escapes, 
cornices,  leaders,  balconies,  or  any  detail  which  would  cause 
all  or  any  walls  to  overturn  when  torn  down  to  beam  leveL 
Then  chutes  are  constructed  of  wood,  outside  the  walls,  for 
the  purpose  of  expeditiously  and  cleanly  transferring  all  old 
plastering  and  debris  to  the  waiting  carts  and  wagons  on  the 
street  below.  Next,  the  tin  or  roof  covering  is  carefully  cut 
in  sections,  rolled,  tied,  and  lowered  with  block  and  tackle 
to  the  street;  next,  the  cornices  and  sashes  and  window 
frames  are  removed. 

Most  "demolishers"  combine  this  occupation  with  the 
business  of  selling  second-hand  building  materials,  so  that 
each  and  every  detail  is  removed  as  far  as  possible  intact 
and  uninjured,  so  as  to  have  a  marketable  value  to  be  used 
again. 

Brick  chimneys  are  taken  down  before  the  roof  boards 
are  taken  off;  also  all  parapet  walls,  copings,  and  flashings, 
and  the  walls,  too,  to  the  level  of  the  bottom  edge  of  the  roof 
beams.  This  being  done,  the  stairs  are  taken  out,  if  valu- 
able, and  replaced  by  rough  ladders.  Then  the  roof  boards 
are  leveled  off  with  crowbars,  bundled,  and  lowered;  then 
the  bridging  knocked  out;  and  finally  the  roof  beams  them- 
selves, thus  giving  a  safe  opportunity  to  cut  down  the  top 
story  brick  walls,  which  must  not  be  thrown  or  barred  down 
in  heavy  sections,  but  knocked  apart  with  light  hammers, 
course  by  course  of  bricks,  as  constructed. 

It  is  usual  first  to  take  out  all  fixtures,  such  as  trim- 
mings, basins,  plumbing,  etc.,  before  demolishing  the  brick 
and  timber  shell,  so  as  to  prevent  injury;  but  this  depends  on 
their  condition  and  value. 

The  walls  must  be  closely  watched;    and  if  any  show 
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evidence  of  cracks,  bulges,  or  unsafe  conditions,  they  must 
be  either  shored  or  tied  back  with  cables  to  guard  against 
fall. 

No  materials  should  ever  be  thrown  into  the  street,  and 
a  platform  or  roof  should  be  erected  over  the  sidewalk  to 
guard  pedestrians  from  injury  by  possible  falling  materials* 

To  keep  down  dust  and  make  the  debris  shovable,  a 
hose  should  be  kept  spraying  the  debris  as  it  is  piled;  and 
not  too  much  weight  should  be  piled  in  one  place,  lest  a  floor 
be  strained  or  overloaded.  Collapses  have  occurred  through 
neglect  of  this  precaution. 

Heavy  girders,  steel  beams,  and  columns  must  be  lowered 
with  a  derrick,  windlass,  and  tackles,  to  save  their  condi- 
tion and  maintain  safety.  It  is  a  serious  error  to  drop  a 
heavy  weight  on  the  floor  of  an  old  building,  as  the  impact 
Is  liable  to  cause  disaster. 

It  is  better  to  pile  stuff  close  to  the  walls  of  a  building 
and  not  in  the  middle  of  the  beams.  Partitions,  especially 
those  running  fore  and  aft,  should  be  let  remain  in  position 
until  the  beams  above  are  ready  for  removal,  to  prevent  the 
latter  sagging. 

All  workmen  should  be  careful  not  to  drop  tools  or  mate- 
rials on  those  at  work  underneath. 

When  demolishing  old  wrought-iron  or  cast-iron  struc- 
tures, all  details  should  be  suspended  from  the  derrick  before 
cutting  out  rivets  or  removing  bolts;  besides,  they  can  be 
at  once  lowered,  thus  avoiding  delay. 

EARTH   EXCAVATION 

Slope  of  Earthwork.  It  is  often  of  value  to  know  Just 
where  supports  are  necessary  in  excavation,  in  order  that 
the  earth  forming  the  sidewalls  of  the  excavation  may  not 
fall  in  and  increase  the  cost  of  the  work. 

The  following  are  values  commonly  given  for  the  natural 
slope  of  different  kinds  of  earth,  the  term  "natural  slope** 
meaning  the  angle  which  the  earth  or  material  may  be  ex- 
pected to  make  with  a  horizontal  line  before  particles  of 
the  earth  or  excavated  material  vrlll  begin  to  slide  into  the 
tr^ich. 

Loose  peat   14  degrees 

Wet  clay   16 

Moist   sand 22 

Vegetable   earth    28 

Dry  sand   38 

Shingle 39 
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Gravel    40       ** 

Finn   peat    45       ** 

Rubble    45        ** 

Well-drained  clay    45 

Compact  earth  50        " 

Chalk  55 

In  case  It  is  desired  to  know  the  height  of  perpendicular 
wall  of  earthwork  (as  in  ditches)  which  will  support  itself 
for  a  short  time  without  bracing,  the  following  may  be  used 
as  a  guide: 

Dry  sand  or  gravel  1  ft  to-   2  ft 

Ordinary   earth    2  ft  to    3  ft 

Drained  loam    5  ft  to    8  ft. 

Clay    9  ft  to  12  ft 

In  leaving  earthwork  in  form  of  an  embankment,  it  Is 
not  advisable  to  try  to  approach  its  natural  slope  when  grad* 
ing,  but  leave  the  lower  part  with  a  more  gentle  slope  than 
the  upper  part  In  clay,  a  slope  of  1  to  1^  at  the  top  of  an 
embankment  is  often  flattened  to  a  1  to  3  slope  at  the  bottom, 
especially  if  the  embankment  is  of  considerable  height.  This 
same  principle  of  changing  slope  applies  to  other  materials 
as  well. 

The  meaning  of  the  term  "slope  of  1  to  3"  as  used,  is 
that  there  is  an  increase  of  one  foot  of  height  in  the  sloping 
side  of  the  embankment  for  each  three  feet  of  horizontal  dis- 
tance, or  distance  along  the  level  ground,  as  shown  in  Fig.  2. 
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Fig.  2.    Method  of  Stating  Slopes. 

The  following  will  give  a  basis  upon  which  to  compare 
natural  slopes  of  excavated  materials  in  degrees  with  the 
commonly  expressed  "1  to  1,"  "1  to  3,"  etc.,  used  in  practice: 

Slope  of  1  to    ^  e<iuals  angle  of  63^  degrees  with  horizontal 
Slope  of  1  to    %  equals  angle  of  53     degrees  with  horizontaL 
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Slope  of  1  to  1  equals  angle  of  45  degrees  with  horizontaL 
Slope  of  1  to  1%  equals  angle  of  38%  degrees  with  horlzontaL 
Slope  of  1  to  11^  equals  angle  of  33f  degrees  with  horizontal 
Slope  of  1  to  1%  equals  angle  of  29%  degrees  with  horizontal 
Slope  of  1  to  2  equals  angle  of  26%  degrees  with  horlzontaL 
Slope  of  1  to  3  equals  angle  of  18^  degrees  with  horlzontaL 
Slope  of  1  to  4     equals  angle  of  14 1/6  degrees  with  horlzontaL 

Volume  to  Be  Excavated.  If  the  soil  is  of  a  light  or 
unstable  nature,  and  the  specifications  require  that  all  foun- 
dations shall  be  carried  down  to  what  is  called  "hard-pan," 
or  a  solid  layer  of  earth,  without  regard  to  depths  given  on 
the  plans  furnished  by  the  designer,  care  should  be  taken  In 
determining  the  depth  at  which  this  hard-pan  lies.  Test  pita 
may  be  dug  at  different  parts  of  the  building  site,  or  borings 
made,  and  the  soil  carefully  examined  as  it  is  drawn  out 

A  large  auger  fitted  to  a  long  iron  or  steel  shank  will 
senre  as  a  boring  tool.  In  wet  ground,  a  section  of  pipe 
should  be  driven  first  and  the  auger  used  In  the  pipe. 

If  the  soil  is  firm  and  no  further  excavation  is  needed 
than  that  necessary  to  obtain  the  required  depth  of  cellar  or 
basement  below  grade,  the  number  of  cubic  yards  of  earth 
to  be  removed  may  be  found  in  the  following  manner: 

Allow  at  least  six  inches  additional  excavation  on  all 
sides  of  the  outside  wall  line.  This  permits  inspection  of  the 
outside  of  the  wall  as  the  work  progresses,  and  allows  room 
for  any  exterior  work  necessary  on  the  wall. 

Then,  allowing  this  6-inch  space  all  around,  multiply  the 
length  of  the  excavation  in  feet  by  the  breadth  in  feet,  and 
this  product  by  the  diatance  in  feet  from  grade  to  bottom 
of  cellar  or  basement  floor.  To  this  number,  add  the  volume 
of  the  trenches  dug  below  the  bottom  of  the  cellar  floor, 
which  are  to  receive  the  footings,  and  divide  the  result  by  27. 
the  number  of  cubic  feet  in  a  cubic  yard.  The  result  will  be 
the  number  of  cubic  yards  of  material  to  be  removed,  the 
cost  of  such  removal  varying  per  cubic  yard  with  the  amount 
to  be  removed,  the  distance  to  which  it  is  taken,  the  quality 
of  the  soil,  manner  of  handling,  number  of  difficulties  encoun- 
tered, such  as  springs,  ledges,  etc.,  proper  drainage  in  marshy 
land,  bracing  walls  of  neighboring  buildings,  season  of  year, 
and  other  local  details  which  may  differ  in  each  particular 
case. 

If  the  trenches  needed  for  the  footings  are  of  any  con- 
siderable depth,  they  should  be  figured  separately,  since  the 
excavated  material  cannot  be  thrown  easily  from  a  trench 
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oyer  6  feet  In  depth,  but  must  be  deposited  on  an  inters 
mediate  platform  and  shoveled  again  from  there  and  thrown 
out  As  will  readily  be  seen,  this  process  involves  extra 
cost 

Again,  if  there  is  any  considerable  amount  of  trench  work 
to  be  done  in  connection  with  laying  drains  or  pipes,  this 
work  will  cost  more  per  cubic  yard  than  work  on  large 
areas.  This  is  on  account  of  the  confined  condition  of  the 
work  in  trenches  as  compared  with  the  free  working  space 
of  a  larger  area. 

If  ledges  are  encountered  and  blasting  is  necessary,  the 
cost  of  excavating  will  be  materially  increased.  Removal  of 
water  ^ther  from  springs  or  marshy  land  will  also  require 
an  extra  amount  to  be  added  to  the  cost  of  handling  the 
excavated  material. 

Bracing  of  foundations  of  neighboring  buildings,  or  the 
use  of  sheet  piling  to  prevent  the  caving  of  earth  walls 
after  the  excavation  is  under  way,  will  also  add  to  the  gen- 
eral expense. 

Frozen  earth  is  harder  to  work  than  the  same  material 
at  more  favorable  seasons  of  the  year,  and  prices  per  cubic 
yard  which  show  a  profit  in  the  summer  might  cause  a 
decided  loss  in  freezing  temperatures. 

Each  one  of  the  above-mentioned  points  should  be  noted, 

together  with  any  other  local  conditions,  such  as  removal  of 

rubbish,  trees,  etc.,  and  careful  consideration  given  same  in 

making  up  the  list  of  operations,  the  cost  of  which  is  to  make 

'  up  the  estimated  cost  of  the  excavation. 

The  number  of  cubic  yards  of  back-filling,  or  earth  which 
is  to  be  filled  in  around  walls  or  cavities,  should  be  care- 
fully figured  by  determining  the  volume  of  the  space  to  be 
filled,  in  a  manner  similar  to  that  stated  for  finding  the 
volume  to  be  excavated. 

If  the  surface  of  the  building  site  is  not  level,  or  con- 
tains irregularities  of  any  considerable  size,  the  method  illus- 
trated in  Fig.  3  may  be  employed  for  finding  the  volume 
to  l^  excavated  above  the  level  of  the  bottom  of  the  cellar 
floor. 

Lay  out  the  wall  lines,  and  allow  the  6  inches  all  around 
each  side.  Then  divide  the  length  and  breadth  into  a  num- 
ber of  equal  parts  each,  as  shown  in  Fig.  3,  the  number  of 
these  divisions  depending  on  the  irregiflarity  of  the  ground. 
The  volume  of  the  material  to  be  excavated  may  then  be 
found  by  summing  up  the  volumes  of  each  of  these  small 
parts  shown  in  Fig.  3,  remembering  that  the  volume  of  each 
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C^coco<^'^idudcd;dt^r*^o6a6oio»oo«-<i-4csic4co<^^ioio 


^OJ^oocoooeooowfc^c^t*«<o*-<<o««oo»c©ioO'^o>^_ 
csic^coco^^io»oocdt«^r-o6o6o>a&oo«-i^c4C)cococo<^' 


c^t*i-<»oo^OJcoooc<coi-<i«0"*i<o>eooON<Oi-<«oo^QOeo 
c^c^coco'^•^'^^o^d«b<c>t^^^o6o6o6oaojoo1-<«-^c^c^c^eo 


o>coocot^©iAO»cot«i-4iAOdeot^i-4iAO'^QOC4coo^aoe4 
c^Ncsleoco'^^'^kC>^d«d«o^^^^Q6(X>a>a>oioo•-^»-<^ci 


«c«cooco<Oi-<Tj<ooc^iooeoi>.0'«4«oO'-Hiooic^<o©''4jt^'-< 
»^c^c^eococo"^T!«'^ioioio<d<dt«^t*V«^ododo6oic>ooo^ 


oeot^©cor^©cot*Ocot*Ocot»Ocot^Ocot>.C)eo«c>0 
«-^c^c^c4cocoeo^'^'^lOibu^otf>cb^^t^t^o6abo6o»aio>o 


iOQO*-i^t*oeo»oo>»H^t»oeo«oo>wiooOi-<'^t>-oeo«oo> 
r-4«-<c^c^e^cocococO'^^-^lCkd»OkOcdcd«ot^*^-'^^a6o6 


eOiOOO»-<COCO(X>T^<^5pO>C^'^t«0>C«'i4«t>.OCQiOt«©N»000 

^^^c^c^c^c^coeocoeO"^'^'^"^ididid«b«><b«i>i>^i^t^ 


*-HeocDaooc4'^t^Od>-4COcoaooc4^t^o>T-ieoicaooe^»ot^ 


oai-Heo»ot*oo©«'^«Dooo^eoiot*OJOco>ra«poooN'^»o 
,4^^^^e^c^csic^e^cococoeococo^'^-«4«'^'<4i»Okdio>o 


SSSweo>ra«ooooji-^e«'^ict*ooo^eo'i4««>r^e>c>»-«eO'^ 
*^rHTH,-Jr-I«M^c^c<csic^c^wcococococoeocO'^'^^^ 


tg^^Se 


4C4c«c«c<c4eic4c«c«cocoeQeo 


4C«C4C1C9 
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1 


Lepcth 

WIDTH  IN  FEET 

in 
Feet 

19 

20 

21 

22 

23 
4.3 

24 
4.4 

26 

26 

4.8 

27 
5.0 

28 
6.2 

29 
5.4 

30 

5 

3.5 

3.7 

3.9 

4.1 

4.6 

5.5 

6 

4.2 

4.4 

4.7 

4.9 

5.1 

5.3 

6.5 

5.8 

6.0 

6.2 

6.4 

6.7 

7 

4.9 

5.2 

5.4 

5.7 

6.0 

6.2 

6.5 

6.7 

7.0 

7.2 

7.5 

7.8 

8 

5.6 

5.9 

6.2 

6.5 

6.8 

7.1 

7.4 

7.7 

8.0 

8.3 

8.6 

8.9 

9 

6.3 

6.7 

7.0 

7.3 

7.7 

8.0 

8.3 

8.7 

9.0 

9.3 

9.7 

10.0 

10 

7.0 

7.4 

7.8 

8.1 

8.5 

8.9 

9.2 

9.6 

10.0 

10.4 

10.7 

11.1 

11 

7.7 

8.1 

8.5 

9.0 

9.4 

9.8 

10.2 

10.6 

11.0 

11.4 

11.8 

12.2 

U 

8.4 

8.9 

9.3 

9.7 

10.2 

10.6 

11.0 

11.5 

12.0 

12.4 

12.8 

13.3 

13 

9.1 

9.6 

10.1 

10.6 

11.0 

11.6 

12.0 

12.5 

13.0 

13.5 

14.0 

14.4 

14 

9.8 

10.4 

10.9 

11.4 

11.9 

12.4 

13.0 

13.4 

14.0 

14.5 

15.0 

15.5 

15 

10.6 

11.2 

11.7 

12.2 

12.8 

13.3 

13.9 

14.4 

15.0 

15.6 

16.1 

16.6 

16 

11.2 

11.8 

12.4 

13.0 

13.6 

14.2 

14.8 

15.4 

16.0 

16.6 

17.2 

17.8 

17 

11.9 

12.6 

13.2 

13.8 

14.4 

15.1 

15.7 

16.4 

17.0 

17.6 

18.2 

18.9 

18 

12.6 

13.3 

14.0 

14.6 

15.3 

16.0 

16.6 

17.3 

18.0 

18.6 

19.3 

20.0 

19 

13.4 

14.0 

14.8 

15.6 

16.2 

16.9 

17.8 

18.3 

19.0 

19.7 

20.4 

21.1 

ao 

14.0 

14.8 

15.5 

16.3 

17.0 

17.7 

18.5 

19.2 

20.0 

20.7 

21.4 

22.2 

21 

14.8 

15.5 

16.3 

17.1 

17.8 

18.6 

19.4 

20.2 

21.0 

21.7 

22.5 

23.3 

23 

15.5 

16.3 

17.1 

17.9 

18.7 

19.6 

20.4 

21.2 

22.0 

22.8 

23.6 

24.4 

23 

16.2 

17.0 

17.8 

18.7 

19.5 

20.4 

21.3 

22.1 

23.0 

23.8 

24.6 

25.5 

24 

16.9 

17.8 

18.6 

19.5 

20.4 

21.3 

22.2 

23.1 

24.0 

24.9 

26.7 

26.0 

25 

17.6 

18.5 

19.4 

20.4 

21.3 

22.2 

23.1 

24.0 

25.0 

25.9 

26.8 

27.7 
28.8 

26 

18.2 

19.2 

20.2 

21.1 

22.1 

23.0 

24.0 

25.0 

25.9 

26.9 

27.8 

27 

19.0 

20.0 

21.0 

22.0 

23.0 

24.0 

25.0 

26.0 

27.0 

28.0 

29.0 

30.0 

28 

19.7 

20.7 

21.7 

22.7 

23.7 

24.8 

25.9 

26.9 

28.0 

29.0 

30.0 

31.0 

29 

20.4 

21.4 

22.5 

23.6 

24.6 

25,7 

26.8 

27.9 

29.0 

30.0 

31.1 

32.1 

30 

21.1 

22.2 

23.3 

24.4 

25.5 

26.6 

27.7 

28.8 

30.0 

31.1 

32.2 

33.3 

Bmall  part  is  equal  to  the  area  of  the  top  in  sqnare  feet, 
found  by  multiplying  together  the  lengths  of  the  division 
lines  in  feet  on  two  sides  which  meet  at  a  comer,  and  then 
multiplying  this  area  by  what  is  considered  to  be  the  average 
height  in  feet  of  this  small  part  above  the  excavated  level. 


Fig.  3.    Illustrating  How  to  Estimate  Volume  of  Excavation 
on  an  Irregular  Site. 

Table  m  may  be  used  to  advantage  in  calculating  the 
amount  of  excavation  in  a  given  case  per  foot  of  depth.  The 
value  given  in  the  table  for  a  given  length  and  width  is  to 
be  multiplied  by  the  depth  in  feet,  in  order  to  obtain  tho 
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number  of  cubic  yards  in  a  giyen  job.  For  instance,  a  cellar 
26  feet  by  30  feet  top  area,  and  7  feet  deep,  would  contain 
from  the  table  27.7x7,  or  193.9  cubic  yards  of  excavation. 

Soil  Test  Borings  with  Augers.  The  borings  detailed  be- 
low were  made  in  the  City  of  Toronto  in  order  t»  find  tho 
nature  of  the  soil  to  a  depth  of  from  30  to  70  feet  The 
ground  passed  through  consisted  mainly  of  blue  clay,  al- 
though seven  borings  were  made  in  wet,  sandy  clay,  and  four 
were  made  in  filled  ground.  The  average  depth  of  holes  is 
shown  in  each  case. 

The  borings  were  made  with  a  1^-inch  carpenter's  ma- 
chine auger,  welded  to  the  end  of  a  %-inch  pipe.  The  %-inch 
pipe  was  cut  in  sections  6  feet  long,  and  each  length  was 
added  as  it  became  necessary. 

The  auger  was  turned  by  two  or  three  men  at  the  sur* 
face,  using  wrenches.  The  heavier  clay  required  three  men 
to  turn  the  auger.  After  the  auger  had  bored  from  8  to  12 
Inches,  it  had  to  be  removed  from  the  hole  and  cleaned,  and 
then  replaced  in  the  hole  and  continued  for  another  augei 
length. 

y  The  force  consisted  of  one  recorder  and  three  laborers, 
each  at  $2.00  per  day.  The  work  was  done  at  all  seasons  of 
the  year,  and  no  time  was  lost  by  any  of  the  men. 

The  cost  of  blacksmith  work  and  teaming  amounted  to 
about  6  per  cent  of  the  total  cost;  and  the  cost  of  materia), 
such  as  augers,  wrenches,  and  iron  pipe,  amounted  to  about 
ten   per  cent 

The  following  statements,  taken  from  an  article  by  A.  G. 
D.  Blanchard  in  the  "Canadian  Bngineer"  of  July  30,  1909, 
show  the  general  costs: 

TEST  BORINGS 

Heavy  Blue  Clay  with  10  Inches  of  Red  Clay  on  Top 

Number  of  holes  28 

Total  depth,   ft 709 

Average  depth  of  hole,  ft 25.3 

Cost  Total  Per  Ft 

Labor   $199  $0,281 

Materials  and   blacksmith 34  0.048 

Total    $233  $0,329 

Made  Ground 

Number  of  holes 4 

Total  depth,  ft 90 

Average  depth  of  hole,  ft 22.5 
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Cost  Total  Per  Ft 

Labor I  44  $0,488 

Materials   and  blacksmith 5  0.066 

Total   149  10.554 

Fine,  Running,  Clayey  Sand 

Number  of  holes    36^ 

Total    depth,    ft 1,163 

Ayerage  depth  of  hole,  ft 32.3 

Cost  Total  Per  Ft 

Labor   $293  $0 .  262 

Materials  and  blacksmith 43  0.037 

Total   $336  $0,289 

Heavy  Clay 

Number  of  holes  7 

Total  depth,,  ft 152 

Average  depth  of  hole,  ft 21.7 

Cost  Total  Per  Ft 

Labor    $  48  $0,316 

Material  and   blacksmith 9  0.069 

Total  $67  $0,374 

Heavy  Blue  Clay 

Number  of  holes 6 

Total  depth,  ft.". 160 

Average  depth  of  hole,  ftl 32 

Cost  ToUl  Per  Ft 

Labor   $  40  $0,260 

Materials  and  blacksmith 6  0.038 

Total $  46  $0,288 

COST  OF  EXCAVATING 
The  unit  of  cost  in  excavation  work  is  the  cubic  yard,  or 
27  cubic  feet    The  total  cost  of  excavating  and  removing 
materials  is  made  up  of  the  following  parts: 

1.  Loosening  the  material  for  the  shovelers. 

2.  Loading  material  into  carts  or  barrows. 

3.  Hauling  or  wheeling  material  away,  including  empty- 
ing  and  dumping. 

4.  Depositing  and  leveling  in  a  workmanlike  manner. 

5.  Necessary  repairs  to  equipment,  roads,  etc.,  together 
with  cost  of  general  superintendence  and  depreciation  ofi 
plant 


128    RADFORD'S  BSTIMAriNG  AND  CONTRACTING 

The  price  quoted  is  stated  at  so  much  per  cubic  yard  of 
material  in  its  original  position.  In  connection  with  thU( 
rating,  it  should  be  noted  that  earth  swells  upon  removal 
from  its  original  position,  and  loosened  materials  occupy 
greater  spaces  according  to  the  following  relation: 

Earth  and  clay,  25  per  cent  increase. 

Sand  and  gravel,  50  per  cent  increase. 

Broken  stones  and  rock,  60  per  cent  increase. 

When  this  same  material,  with  the  exception  of  rock,  la 
dumped  in  another  place  or  even  filled  into  the  same  place, 
it  will  in  time  shrink  from  10  to  15  per  cent,  depending 
upon  whether  the  material  is  gravel  or  light,  loose  soiL 
In  other  words,  if  we  have  100  cubic  yards  of  back-filling  to 
be  done,  if  this  material  has  to  be  excavated  from  a  new 
piece  of  ground,  it  will  require  about  115  cubic  yards  of  light 
soil  measured  in  place  to  fill  the  100  cubic  yards  of  space 
so  that  it  would  be  level  after  the  soil  has  had  plenty  of 
time  to  settle  into  place. 

Loosening  for  Removal.  For  loosening  the  material  to  be 
excavated,  it  is  generally  figured  that  2  men  with  a  plow 
and  pair  of  horses  will  loosen  from  25  to  30  cubic  yards  of 
heavy  soil  per  hour;  or,  with  ordinary  loam,  the  same  out- 
fit will  loosen  from  40  to  60  cubic  yards  per  hour.  The  cost 
per  cubic  yard  will  be  found  by  dividing  the  sum  of  the  labor 
costs  of  men  and  horses,  the  hire  of  the  plow,  together  with 
all  charges  for  repairs  and  extras,'  by  the*  number  of  cubic 
yards  of  material  loosened. 

For  instance,  assume  that  the  labor  cost  of  the  outfit  is 
divided  as  follows: 

2  men  at  $2.00  per  10-hour  day $4.00 

2  horses  at  $1.50  per  10-hour  day 3.00 

Plough  at  10:60   per  10-hour   day 50 

ToUl   17.50 

Then,  if  in  this  10-hour  day,  250  cubic  yards  of  heavy 
soil  has  been  loosened,  the  cost  per  cubic  yard  has  been: 
750 

&s  3  cents  per  cubic  yard. 

250 
If  the  loosening  is  done  by  men  with  picks,  the  following 
rates  of  work  may  be  used  as  fair  averages: 

One  man  with  a  pick  will  loosen,  per  hour,  about: 
1%  cubic  yards  of  cemented  gravel;  or 
1^  cubic  yards  of  clay;  or 
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2%  cubic  yards  of  heavy  soil;  or 

4      cubic  yards  of  common  loam;  or 

6      cubic  yards  of  sandy  loam. 

The  cost  per  cubic  yard  may  be  reached  in  any  one  of 
the  above  by  dividing  the  rate  of  wages  per  hour  by  the 
number  of  yards  of  material  loosened. 

As  extremes  in  the  loosening  of  materials  with  a  pIow» 
we  may  consider  the  case  of  cemented  gravel  or  stiff  clay. 
These  materials  require  three  or  four  horses  per  plow,  there* 
by  increasing  the  cost.  As  an  opposite  to  this  case,  sand 
requires  but  little  loosening,  and  can  in  many  instances  be 
removed  directly  with  a  scraper.  If  dirt  is  to  be  simply 
removed  to  one  side  of  the  excavation,  a  scraper  may  be  used 
to  advantage  with  any  light  or  loosely  packed  earth. 

A  good  workman  will  dig  and  throw  into  a  barrow  the 
following  quantities  of  material  in  a  day  of  ten  hours: 

Common  earth   8  to  10  cubic  yards 

Stiff  clay  or  firm  gravel.  .5  to    6  cubic  yards 
Hard  ground  (picking  nec- 
essary)      3  to    5  cubic  yards 

In  excavating,  a  vertical  throw  is  limited  to  6  feet, 
and  when  a  trench  exceeds  that  depth,  stages  must  be  pro- 
Tided. 

As  an  example  of  the  cost  of  excavation  in  trenches 
where  the  depth  exceeds  6  feet,  the  following  will  serve  to 
show  how  such  cost  may  be  determined: 

Assume  a  basis  of  1  cubic  yard  of  earth  handled  by  one 
man  in  one  hour,  and  a  wage  rate  of  20  cents  per  hour.  If 
the  dirt  requires  but  one  handling,  this  cost  per  yard  may 
be  multiplied  by  the  number  of  cubic  yards,  and  we  will  have 
the  cost  of  the  work.  Now  the  question  will  arise:  How  often 
will  this  dirt  require  to  be  handled? 

The  first  six  feet  of  the  trench  may  be  dug  with  one 
handling,  provided  the  top  is  thrown  a  considerable  distance 
from  the  trench,  leaving  room  close  to  the  trench  for  the 
dirt  which  is  lower  down.  After  the  trench  is  six  feet  deep, 
it  will  require  another  man  to  keep  the  dirt  away  on  top; 
in  this  way  the  trench  may  be  dug  two  feet  deeper;  and 
then,  by  placing  a  platform  in  the  trench  two  or  three  feet 
below  the  top,  the  man  in  the  trench  can  throw  the  dirt  on 
the  platform,  and  the  top  man  can  throw  the  dirt  from  tho 
platform  out  of  the  trench.  Thus,  with  two  men.  the  trench 
can  tR9  dug  about  5  feet  deeper;  then,  by  adding  a  third 
man,  5  feet  more,  which  will  reach  the  bottom.     Now,  as- 
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TABLE  IV 
Cubic  Yards  of  Earth  per  Foot  of  Length  In  Ditches  with  Side  Slopes 


Of  1  Foot  in  10 

Bottom 

DEPTH,  IN  FEET 

Width 
in  Feet 

4 

5 

6 

0.60 

7 
0.72 

8 
0.86 

9 

10 

12 
1.46 

14 
1.80 

16 
2.19 

18 
2.59 

20 

2 

0.36 

0.48 

0.99 

1.15 

2.90 

2H 

0.44 

0.57 

0.71 

0.85 

1.01 

1.16 

1.33 

1.68 

2.06 

1.48 

2.92 

3.33 

3 

0.61 

0.66 

0.82 

0.98 

1.16 

1.33 

1.51 

1.90 

2. £2 

2.80 

3.25 

3.70 

3H 

0.68 

0.76 

0.93 

1.11 

1.30 

1.49 

1.70 

2.12 

2.59 

3.10 

3.58 

4.07 

4 

0.66 

0.84 

1.04 

1.24 

1.45 

1.66 

1.88 

2.34 

2.84 

3.40 

3.91 

4.44 

4H 

0.74 

0.94 

1.16 

1.37 

1.60 

1.83 

2.07 

2.57 

3.10 

3.70 

4.24 

4.81 

5 

0.81 

1.04 

1.26 

1.50 

1.75 

2.00 

2.26 

2.76 

3.36 

4.00 

4,57 

5.18 

Burning  that  the  trench  will  have  to  be  two  feet  wide  at  the 
top  and  perhaps  for  the  first  11  feet,  and  about  18  inches  for 
the  last. 5  feet,  all  the  data  necessary  to  calculate  the  cost 
of  digging  the  trench  in  the  first  six  feet  are  at  hand:  1,20(1 
cubic  feet,  or  44^  cubic  yards  nearly,  at  20  cents  per  yard, 
would  be  18.90.  The  next  five  feet  will  contain  1,000  cubic 
feet,  or  37  yaids.  This,  at  40  cents  a  cubic  yard,  as  it  takes 
two  men  to  do  the  same  work  that  one  man  did  on  top,  would 
figure  up  to  $14.80;  and  the  last  5  feet  would  contain  750 
cubic  feet,  or  28  yards  nearly,  at  60  cents,  which  would  be 
$16.80.  making  a  total  of  $40.50.  To  this  add  the  use  of  plat- 
form and  placing  of  same,  which  would  be  safe  to  put  at 
$3.00.  This,  added  to  the  $40.50,  would  be  $43.50,  which 
would  be  the  total  cost  of  excavation. 

If  the  nature  of  the  soil  should  require  sheet-piling,  this 
should  be  taken  into  account;  also  the  extra  width  of  trench 
due  to  the  piling. 

The  problem  of  excavating  the  cellar  should  be  taken  up 

TABLE  V 
Cubic  Yards  of  Excavation  per  Foot  of  Lenflth  In  Trenches 


Width 

DEPTH.  IN  FEET 

in  Feet 

4 

6 

0.44 

8 
0.59 

10 

0.74 

12 
0.89 

14 
1.04 

16 
1.18 

18 
1.33 

20 

1.48 

22 
1.63 

24 

1.78 

26 

2 

0.30 

1.03 

2H 

0.37 

0.53 

0.74 

0.93 

1.11 

1.80 

1.48 

1.67 

1.85 

2.04 

2.22 

2.41 

3 

0.44 

0.66 

0.89 

1.11 

1.33 

1.66 

1.78 

2.00 

2.22 

2.44 

2.66 

2.80 

3H 

0.62 

0.78 

1.04 

1.30 

1.66 

1.82 

2.07 

2.33 

2.69 

2.85 

3.11 

3.87 

4 

0.59 

0.89 

1.18 

1.48 

1.78 

2.07 

2.37 

2.67 

2.96 

3.26 

3.55 

3.85 

4H 

O.M 

1.00 

1.33 

1.67 

2.00 

2.33 

2.67 

3.00 

3.33 

3.67 

4.00 

4.33 

5 

0.74 

1.11 

1.48 

1.86 

2.22 

2.59 

2.96 

3.33 

3.70 

4.07 

4.44 

4.81 

5H 

0.82 

1.22 

1.63 

2.03 

2.44 

2.86 

3.26 

3.67 

4.07 

4.48 

4.89 

5.30 

6 

0.89 

1.33 

1.78 

2.22 

2.66 

3.11 

3.65 

4.00 

4.44 

4.80 

5.33 

5.78 

6H 

0.96 

1.44 

1.93 

2.40 

2.89 

3.37 

3.86 

4.33 

4.81 

5.30 

5.78 

6.96 

7 

1.04 

1.56 

2.07 

2.59 

3.11 

3.63 

4.16 

4.6r 

6.19 

5.70 

6.22 

6.74 

7H 

1.10 

1.66 

2.22 

2.77 

3.33 

3.89 

4.44 

5.00 

5.65 

6.11 

6.67 

7.22 

8 

1.18 

1.78 

2.37 

2.96 

3.65 

4.15 

4.74 

6.33 

6.92 

6.52 

7.12 

7.70 
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In  the  same  way.  It  will  be  necessary  to  have  two  units  of 
▼alue,  one  for  a  man  -and  team,  and  one  for  a  man  alone, 
which  has  been  already  established.  A  team  will  walk  about 
four  miles  an  hour,  and,  with  a  suitable  dump  wagon,  can 
haul  four  yards  of  dirt  one-half  mile  in  one  hour.  If  a  wage 
of  40  cents  per  hour  is  paid,  there  would  be  a  cost  of  10  cents 
a  yard  for  hauling;  and  this,  added  to  20  cents  for  loading 
the  wagons,  would  make  a  total  cost  per  yard  of  30  cents. 
This,  multiplied  by  the  number  of  yards  in  the  cellar,  would 
be  the  probable  cost  of  excayation. 

Work  in  trenches  costs  from  20  to  30  per  cent  more  than 
digg&ig  oyer  areas  where  the  labor  is  not  so  closely  con- 
fined. 

Excavating  with  Drag-Scoop  Scraper.  Drag  scrapers  are 
made  in  three  sizes  having  a  capacity  of  3,  5,  and  7  cubic 
feet,  respectively;  but  a  scraper  will  not  carry  its  rated 
capacity  since  it  is  not  completely  filled.  Unless  the  soil  is 
very  loose  and  easily  loaded,  it  is  not  safe  to  assume  that 
each  trip  of  the  scraper  will  take  much  more  than  one-half 
of  it«  rated  capacity  of  solid  earth. 

For  a  25-foot  haul  of  earth,  it  will  take  about  1%  min- 
utes to  make  one  round-trip  of  the  scraper.  Where  the  large- 
size  scraper  is  used,  about  60  cu.  yds.  of  earth  can  be  re- 
moved per  scraper  in  a  10-hour  day.  One  man  will  hold  and 
fill  the  scraper  for  two  teams.  One  man  on  the  dump  will 
distribute  and  level  the  earth  deposited  by  six  teams.  One 
foreman  will  be  needed  to  look  after  the  work.  If  the  wages 
of  workmen  are  $1.60  per  day  of  10  hours,  and  for  foreman 
12.60  per  day,  the  costs  for  scraper  work  are  given  by  Baker 
in  "Roads  and  Pavements,"  as  shown  In  Table  VL 

TABLE  VI 
Cost  of  Moving  Earth  with  Drag  Scoop-Scraper 

Cents  per  Cubic  Yard 


Itema 

25-ft.Hanl 

60-ft.Haul 

lOO-ft.  Haul 

200-ft.Haul 

Loom 
Earth 

Hard 
Gmd. 

Earth 

Hard 
Gmd. 

Loose 
Earth 

Hard 
Gmd. 

Looie 
Earth 

Haid 
Gmd. 

LooMmns. 

1.25 
1.26 
6.83 
0.40 
0.09 
0.26 
0.16 

2.60 
1.60 
6.50 
0.40 
0.69 
0.38 
0.16 

1.26 
1.00 
7.00 
0.40 
0.69 
0.33 
0.16 

2.60 
1.50 
7.70 
0.40 
0.69 
0.50 
0.16 

1.26 
1.00 
8.76 

S:SS 

0.42 
0.16 

2.60 
1.25 
9.62 
0.40 
0.69 
0.63 
0.16 

1.25 
1.00 
10.00 
0.40 
0.69 
0.53 
0.16 

2.60 

1.00 

11.00 

SS&^a;;;;::: 

Wear  and  tMff..... 
Water  boy 

0.40 
0.60 
0.80 
0.16 

Total  eost 

9.88 

12.13 

10.83 

12.96 

12.67 

16.26 

14.08 

16.66 
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The  50-ft  haul  shown  In  Table  VI  Is  based  on  a  50  cu.  yd. 
quantity  per  scraper  per  day,  with  one  scraper  holder  filling 
for  three  teams. 

In  the  100-ft.  haul,  each  team  will  make  the  trip  in  about 
2%  minutes,  and  the  cost  Is  based  on  a  40  cu.  yd,  quantity 
per  day. 

The  200-ft.  haul  is  based  on  a  3^  minute  time  for  trip, 
and  a  35  cu.  yd.  quantity  per  day. 

The  cost  of  loosening  given  in  Table  VI  Is  based  on  a 
team  and  plow  at  $5.00  per  day  with  driver,  and  a  capacity 
of  400  cu.  yds.  of  loam  per  day. 

Loading  Material.  If  the  ^sxcavated  material  Is  to  be 
removed  to  any  distance  from  the  site  from  which  It  is  taken, 
the  loading  of  material  into  carts  will  be  another  Item  to  be 
figured.  When  the  number  of  men  who  are  shoveling  mate- 
rial is  so  regulated  to  the  number  of  men  picking  or  loosen- 
ing and  to  the  number  of  carts  in  use,  that  they  do  not  have 
to  wait  for  material  to  shovel  or  for  carts  to  shovel  It  Into, 
it  is  claimed  that  experience  shows  that  1  man  will  shovel 
Into  a  cart  the  following  quantities  of  loose  material  per 
hour: 

2      cubic  yards  of  loam  or  sand;  or 

1%  cubic  yards  of  heavy  soil  or  clay;  or 

1  1/5  cubic  yards  of  rock. 

Removing  Material.  For  small  amoimts  and  short  dis- 
tances of  haul,  either  wheelbarrows,  scrapers,  or  small  dump* 
wagons  may  be  used.  For  long  hauls  and  large  quantities, 
it  may  even  pay  to  lay  light  rails  and  use  a  light  car  drawn 
by  horses  or  by  a  light  locomotive. 

It  is  commonly  considered  that  shovels  are  sufficient  for 
small  quantities  of  excavation  where  the  distance  which  the 
earth  has  to  be  thrown  is  less  than  12  feet  on  the  horizontal 
or  6  feet  vertical.  Likewise,  for  distances  under  200  feet, 
earth  may  be  removed  economically  by  shoveling  into  wheel* 
barrows  and  wheeling  away. 

For  distances  over  200  feet,  wagons  or  wheeled  scrapers 
should  be  used,  unless  large  quantities  of  material  are  to  be 
moved  through  long  distances.  The  rates  of  economical  haul 
are  about  as  follows: 

Drag  scrapers,  up  to  150  feet. 

Wheelbarrows,  up  to  200  feet. 

Wheeled  scrapers,  up  to  500  feet. 

One-horse  carts,  up  to  600  feet. 

Two-horse  carts,  up  to  1,000  feet. 
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Fbr  greater  distances,  the  amount  to  be  hauled  should 
de^«nnine  the  method. 

In  computing  time  necessary  for  a  team  to  haul  a  load 
from  the  excavation  to  the  dumping  place,  it  is  customary 
to  figure  on  about  5  minutes  for  a  1,000-foot  haul,  or  about 
200  feet  per  minute. 

Another  point  to  be  considered  is  the  capacity  of  the  dif- 
ferent types  of  equipment  used  in  hauling  away  excavated 
materials.     The  following  data,  while,  of  course,  merely  ap- 
proximate as  representing  the  averages   found  in  ordinary 
practice,  will  aid  in  determining  how  many  loads  will  have 
to  be  carried  from  the  excavation: 
Wheelbarrow  holds  about  3  cu.  ft. 
One-horse  dump^^rt  holds  about  20  cu.  ft 
Two-horse  dump-wagon  holds  about  36  cu.  ft 
Regular  builder's  cart  holds  about  27  cu.  ft 
Drag  scraper  will  remove  from  4  to  7  cu.  ft 
Wheeled  scraper  will  remove  from  10  to  18  cu.  ft 
Small  car  will  remove  from  27  to  81  cu.  ft. 
A  stone  wagon  will  carry  from  3  to  6  tons. 
A  single  load  of  timber  Is  about  50  cu.  ft. 
A  single  load  of  dressed  lumber  is  1,000  ft. 

If  it  is  desired  to  know  the  weights  of  material  moved  in 
connection  with  the  above  loading: 

Top-soil  earth  weighs  about  76  lbs.  per  cu.  ft 
Sandy  loam  weighs  about  90  lbs.  per  cu.  ft. 
Common  earth  weighs  about  90  lbs.  per  cu.  ft. 
Mud  weighs  about  95  lbs.  per  cu.  ft 
Clay  weighs  about  100  lbs.  per  cu.  ft 
Dry  sand  weighs  about  100  lbs.  per  cu.  ft 
Wet  sand  weighs  about  110  lbs.  per  cu.  ft. 
Gravel  weighs  about  110  lbs.  per  cu.  ft 
Broken  stone  weighs  about  100  lbs.  per  cu.  ft 

The  cost  of  picking  up  materials  such  as  earth,  sand,  or 
stone,  and  hauling  them  a  moderate  distance  in  wheelbarrows^ 
is  about  20  to  25  cents  per  cubic  yard.  With  wagons  or  carts, 
the  cost  is  about  15  to  23  cents  per  cubic  yard. 

A  man  can  easily  wheel  about  250  pounds  in  a  barrow, 
and  will  walk  about  15  miles  per  day  of  10  hours.  If  wages 
are  15  cents  per  hour,  the  cost  of  wheeling  earth  Is  from 
3  to  5  cents  per  cubic  yard  per  100  feet  of  haul.  This  price 
is  based  upon  quantities  and  weights  given  in  the  tables 
above.  The  lower  price  applies  when  the  runways  are  level 
and  the  men  work  hard. . 
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Other  materials  could  be  figured  in  a  similar  manner. 

Leveling  or  Spreading.  If  the  excavated  material  is  sim* 
ply  hauled  away  and  dumped  over  some  embankment,  or 
deposited  in  piles,  there  is  but  little  extra  cost  above  the 
hauling  cost  If  the  material  is  used  in  grading  and  has  to 
be  leveled  or  spread  when  it  is  dumped,  an  average  value 
for  the  labor  in  spreading  is  about  1^  cents  per  cubic  yard 
for  either  common  or  heavy  soils.  If  labor  is  high  in  a 
locality,  this  may  be  increased  to  as  high  as  2^  cents  per 
cubic  yard.  It  may  possibly  be  better  to  form  estimates  on 
the  basis  of  75  cu.  yds.  handled  per  average  man  in  a  10-hour 
day. 

A  scraper  operated  by  a  team,  driver,  and  one  helper^ 
may  spread  as  much  as  500  cu.  yds.  per  day. 

Filling.  Earth,  material  at  hand,  20  cents  to  50  cents 
per  cubic  yard. 

A  man  can  thoroughly  tamp  25  cu.  yds.  in  64nch  layers 
in  a  10-hour  day. 

Slieet-Pillng.  Where  sheet-piling  is  needed  in  loose  mate- 
rial, the  amount  to  be  added  to  the  regular  cost  of  excavat- 
ing will  be  about  20  cents  per  cubic  yard  where  shoring 
pieces  are  put  in  to  a  depth  of  8  feet  on  about  4-foot  centers 
in  reasonably  good  ground;  but  where  continuous  surface  Is 
needed,  the  cost  may  be  as  high  as  $1.00  per  cubic  yard. 
For  the   worst  cases,  $3.00   per  cubic   yard. 

Miscellaneous  Cliarges.  There  are  several  expenses  which 
are  more  or  less  of  the  nature  of  fixed  charges,  which  must 
be  added  to  the  items  already  stated.  These  miscellaneous 
charges  consist  of  necessary  repairs  to  equipment,  roads, 
etc.,  together  with  the  cost  of  general  superintendence,  in- 
surance, depreciation  of  plant,  interest  on  invested  capital, 
and  all  charges  which  cannot  be  placed  directly  imder  one  of 
the  headings  used  above. 

In  connection  with  the  charges  due  to  repairs  on  equip* 
ment,  a  common  allowance  is  about  ^  of  a  cent  per  cubic 
yard;  and  an  allowance  of  1/10  of  a  cent  per  cubic  yard  will 
probably  be  sufficient  for  each  100  feet  of  distance  that  the 
material  is  hauled,  as  a  charge  for  keeping  cart  roads  in 
order. 

The  allowances  for  general  superintendence.  Insurance, 
depreciation  of  plant,  etc.,  vary  with  the  circumstances  in 
each  case,  and  can  be  determined  only  from  past  knowledge 
of  similar  work,  or  by  analyzing  the  charges  which  are  at 
all  likely  to  occur,  summing  up  the  detailed  amounts  to 
which  values  have  been  given  according  to  the  best  informal 
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tlon  to  be  obtained,  and  dividing  tbe  total  by  the  number 
of  cubic  yards  to  be  excavated.  The  result  wiU  be  the 
amount  to  add  per  cubic  yard. 

Profit.  Now  that  the  total  cost  of  excavation  per  cubic 
yard  of  material  has  been  determined,  the  contractor  must 
add  a  certain  amount  in  order  that  a  profit  shall  result  to 
pay  him  for  his  time  and  labor.  This  percentage  will  also,  in 
a  great  many  cases,  be  the  means  of  saving  the  contractor 
from  direct  loss,  unless  he  has  added  to  his  detailed  esti- 
mate a  certain  percentage  to  cover  the  possibilities  of  loss 
from  an  excessive  labor  cost  This  percentage  to  be  added 
to  the  labor  item  will  vary  from  5  to  20  per  cent  of  the 
labor  estimate,  depending  upon  local  conditions. 

While  the  percentage  to  allow  for  pure  profit  has  caused 
a  lot  of  discussion,  it  is  commonly  agreed  that  the  size  of 
the  work,  the  financial  risk  incurred,  together  with  local 
conditions,  should  largely  determine  this  factor.  From  10 
to  15  per  cent  is  a  f^r  profit  if  all  other  expenditures  are 
taken  care  of. 

Costs  on  Large  Work.  The  following  excavating  costs 
may  prove  of  service  as  a  guide  to  estimating  on  work 
where  large  quantities  of  material  are  to  be  removed: 

In  earth,  large  masses,  above  water,  25  to  50  cents  per 
cubic  yard;  below  water,  for  piers.  $1.00  to  $5.00  per  cubic 
yard;   in  trench,  earth,  60  cents  to  $1.00  per  cubic  yard; 
loose  rock,  $1.00  to  $2U)0  per  cubic  yard;  hard  rock,  $1.00  to- 
$3.00  per  cubic  yard. 

Steam  shovel  work  costs  about  12  to  20  cents  per  cubic 
yard.  In  "Bngineering  Record"  (Vol.  64,  p.  732)  some  data 
ajre  given  from  a  paper  by  Mr.  John  C.  Sessor  on  steam 
shovel  work  on  the  C,  B.  &  Q.  Railway.  On  one  Job  of 
261,711  cubic  yards,  1,104  cubic  yards  was  moved  per  10-hour 
shift  The  cost  was  as  follows:  Equipment,  1  cent;  steam 
ehovel  service,  8.9  cents;  temporary  trestle,  3.6  cents;  track 
and  track  work,  6  cents;  supervision  and  engineering,  0.2 
cent;  total,  18.7  cents  per  cubic  yard. 

On  another  Job  of  188,240  cubic  yards,  946  cubic  yards 
was  moved  per  10-hour  shift  The  cost  was  as  follows: 
Equipment,  1^  cents;  steam  shovel  service,  9.6  cents;  tem- 
porary trestle,  3.1  cents;  track  and  track  work,  4.2  cents; 
supervision  and  engineering;  0.3  cents;  total,  18.7  cents  per 
cubic  yard. 

The  niinolB  Gentral  SaQway  estimate  excavating  in  earth, 
in  jobs  below  60«000  eoUr  fwds*  to  cost  26  cents  per  cubic 
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yard,  and  in  larger  jobs  20  cents  per  cubic  yard,  adding  in 
both  cases  1  cent  per  cubic  yard  per  100-foot  haul. 

A  committee  report  of  the  Roadmaster's  and  Maintenance 
of  Way  Association,  published  in  the  "Railroad  Gazette"  of 
Oct  31,  1904,  and  in  "Engineering  News"  of  Oct  27,  1904, 
gives  the  following  as  the- cost  of  ditching  cuts  and  widening 
embankments: 

By  wheelbarrows:  12.2  cents  per  cubic  yard,  plus  3.1  cents 
per  cubic  yard  per  1,000-foot  haul  for  common  loam,  or  7.3 
cents  extra  in  bad,  wet  material. 

By  push  cars:  19.1  cents  per  cubic  yard  where  material 
is  imloaded  by  shovel,  or  15.9  cents  where  unloaded  by 
dumping  box  or  similar  arrangement,  plus  33.4  cents  per  cubic 
yard  per  5,000-foot  haul. 

By  machine  ditcher:  22  to  30  cents  per  cubic  yard,  the 
latter  figure  being  for  a  15-mile  haul  in  loam.  In  wet  or 
bad  material,  add  about  4.5  cents  per  cubic  yard. 

The  same  report  places  the  cost  of  team  work  with 
scrapers  at  14  to  25  cents  per  cubic  yard;  and  of  ditching  by 
casting,  in  fair  digging,  where  one  cast  will  place  the  mate- 
rial in  suitable  final  location,  at  10  cents  per  cubic  yard. 

ROCK   EXCAVATION 

Measurement 

Rock  excavation  is  commonly  measured  in  place  before 
loosening,  and  is  paid  for  by  the  cubic  yard  of  actual  excava- 
tion.  In  sewer  work  and  in  tunnel  work,  no  extra  payment 
is  made  for  excavation  beyond  certain  definite  boundary  lines 
shown  on  the  excavation  plans,  unless  special  arrangements 
have  been  made  for  payment  in  such  cases.  Care  should  be 
taken  to  note  whether  the  contractor  or  owner  is  to  pay 
for  extra  work  caused  by  accidental  slides  of  rock  due  to 
blasting. 

In  case  of  rock  which  is  to  be  used  for  filling  purposes 
in  soft  ground  or  near  water,  the  contractor  should  remem* 
ber  that  a  liberal  allowance  should  be  made  for  rock  which 
will  disappear  In  the  mud  or  be  rolled  away  by  the  current 
Where  work  of  this  kind  is  to  be  paid  for  by  the  cubic  yard 
of  material  in  place,  there  is  a  chance  for  loss. 

If  rock  is  to  be  excavated  and  measured  by  the  cord,  the 
method  of  piling  the  loose  material  will  govern  the  measure- 
ment to  a  considerable  extent.  Where  slabs  are  corded  up 
carefully  by  hand,  the  pile  will  average  about  30  per  cent 
yoids  or  holes.    The  meaning  of  the  term  "cord"  should  also 
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be  clearly  defined,  since  a  cord  of  wood  is  128  cubic  feet,  but 
a  cord  of  stone  may  mean  32  cubic  feet 

Likewise,  the  term  "perch"  is  a  very  indefinite  quantity, 
as  explained  later  under  the  head  of  "Stone  Construction." 

Drifting 

Hammer  Drilling.  The  common  weight  of  hammer  for 
one-hand  drilling  is  4^  pounds;  for  two-hand  or  three-hand, 
10  pounds. 

Where  two-hand  or  three-hand  drilling  is  done,  a  1^-lnch 
or  1^-inch  bit  is  commonly  used  for  the  starter.  In  this 
class  of  work,  the  extreme  depth  of  hole  is  ordinarily  not 
over  6  or  8  feet 

One  man  holding' the  drill  and  two  men  striking  (three- 
kand  drilling)  is  the  most  economical  gang  for  ordinary  work 
where  hammer  drilling  is  used. 

Gillette  states  that  on  work  where  a  1^-inch  starting  bit 
is  used,  with  one  man  holding  the  d^U  vertically  and  twd 
men  striking,  the  rate  of  drilling  a  6-foot  hole  is  about  as 
follows: 

Granite  7  foot  depth  in  9  hours 

Trap   11    "        "        *'    "      " 

Limestone 16    "        "        "    "      " 

Basing  the  cost  of  this  drilling  on  a  wage  rate  of  $1.75  per 
day  of  9  hours  per  man,  the  cost  of  drilling  the  above  mate- 
rials would  be  75  cents  per  foot  for  granite;  48  cents  per 
foot  for  trap;  and  33  cents  per  foot  for  limestone. 

The  cost  of  sharpening  drills  will  add  about  8  cents  per 
foot  to  the  cost  of  drilling. 

In  plug  and  feather  work  in  hard  rock  or  granite,  60  holes, 
drilled,  plugged,  and  feathered,  should  be  considered  as  an 
average  amount  to  expect  of  one  man  in  an  8-hour  day,  each 
hole  to  be  %-in.  diameter  and  2^-in.  deep. 

Churn  Drilling.  For  drilling  vertical  holes,  chum  drilling 
is  cheaper  than  hammer  drilling,  except  where  the  holes  are 
small  or  very  shallow.  For  deep  holes  in  soft  rocks,  a  chum 
drill  operated  by  two  or  more  men  is  a  very  eftective  means 
of  drilling.  The  drill  should  be  of  good  weight,  since  its 
action  is  due  to  the  constant  raising  and  dropping  of  the 
tool. 

Trautwine  gives  the  following  rates  of  drilling  3-foot  ver^ 
tical  holes,  starting  with  a  1%-inch  bit  One  man  drilling 
with  a  chum  drill  will  penetrate: 

Solid  quarts 4  ft  in  10  hours 


1 
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Tough  hornblende 6      -  "  " 

Granite  or  gneiss  7%  "  "  " 

Limestone   8%  "  "  ^' 

Sandstone   9%  "  "  " 

To  determine  cost  per  foot,  divide  rate  of  pay  per  honp 
by  number  of  feet  drilled  per  hour. 

Machine  Drilling.  Gillette,  in  his  work  on  "Rock  Excava- 
tion," gives  the  following  rule  for  determining  the  number 
of  feet  of  hole  (N)  that  can  be  drilled  in  a  given  time  (a 
day  or  shift)  when  a  power  drill  is  used: 

The  total  number  of  working  minutes  (S)  In  the  shift  or 
day  should  be  divided  by  the  sum  of  the  following  quantities: 
The  number  of  minutes  (n)  actually  required  to  drill  one 
foot  of  hole;  the  average  number  of  minutes  (m)  required 
to  change  bits,  divided  by  length  (f)  of  the  feed  screw  of  the 
machine  in  feet;  the  average  number  of  minutes  (s)  required 
to  shift  the  machine  from  one  hole  to  the  next,  divided  by 
the  depth  (D)  of  the  hole  in  feet.    Thus  we  have: 

S 

N  = 

m  8 

n  4- 4- 

f  D 

For  example,  in  drilling  holes  10  feet  deep,  let  It  be  desired 
to  find  the  number  of  feet  drilled  per  shift  of  10  hours.  As- 
suming that  1  foot  of  hole  can  be  drilled  in  5  minutes,  that  3 
minutes  are  required  to  change  bits,  that  the  feed  screw  Is 
2  feet  long,  and  that  it  takes  20  minutes  to  change  the 
machine  from  one  location  to  the  next,  then  the  above  for> 
mula  will  give  the  number  of  feet  (N)  drilled  per  shift,  as  fol- 
lows: 

60  X  10 

N  = =  70.5  feet,  or,  say, 

3  20 

5+ 4- 

2  10 

seven  holes  10  feet  deep. 

The  time  to  drill  one  foot  of  hole  will  vary  with  the 
kind  of  rock,  the  type  of  machine,  the  pressure  of  the  air 
or  steam,  and  the  size  of  the  drill.  Average  times  for  drill- 
ing dififerent  kinds  of  rock  with  a  machine  having  a  3H-in* 
diameter  cylinder  (inside  dimension),  using  air  or  steam  at 
70  pounds  per  square  inch  pressure,  with  a  starting  bit  about 
2\  Inches  and  a  finishing  bit  about  1^  Inches,  are  given 
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as  follows:  Limestone,  soft  sandstone,  and  similar  rocks,  3 
minutes  time  per  foot  of  depth;  medium  stones  of  same 
variety,  4  minutes  per  foot;  hard  sandstones  and  granites, 
6  minutes  per  foot;  very  hard  granites  and  hard  trap  rock, 
8  minutes  )^r  foot;  soft  rocks  that  sledge  badly  10  minutes 
per  foot 

The  average  time  needed  to  change  bits  will  be  from  4 
to  8  minutes. 

The  average  time  needed  to  shift  the  machine  from  one 
hole  to  the  next  will  vary  from  12  minutes  for  moderate 
speed  on  level  rock,  to  40  minutes  for  setting  up  in  a  difficult 
place. 

Cost  of  Sharpening  Bits.  In  very  hard  rock,  it  will  be 
necessary  to  sharpen  bits  about  every  1V&  feet  of  hole.  In 
average  rock,  a  bit  may  be  used  for  about  2  feet  of  depth, 
while  in  soft  rock  4  feet  may  be  drilled  without  change. 
Under  average  conditions,  one  blacksmith  and  his  helper  will 
Rharpen  by  hand  about  140  bits  a  day,  which  will  supply 
about  six  machines. 

Blasting 

The  loosening  of  rock  depends  upon  its  hardness,  and 
upon  the  number  of  natural  seams  it  contains.  The  direc- 
tion of  the  drilled  hole  as  compared  with  the  direction  of 
the  natural  strata  of  the  rock,  is  another  factor  which  gov* 
ems  largely  the  success  of  a  blast  A  larger  quantity  of 
explosive  is  ordinarily  required  for  rock  of  a  soft  or  loose 
nature  than  for  compact  rocks. 

Where  black  powder  is  used,  it  is  usual  to  allow  about 
%  of  a  pound  of  powder  to  each  cubic  yard  of  solid  rock. 
If  dynamite  is  used,  an  average  estimate  will  be  about  1 
pound  of  dynamite  to  8  or  10  cubic  yards  of  rock.  The 
quality  of  the  dynamite  will  cause  this  quantity  to  vary  U* 
a  considerable  extent 

FOUNDATIONS  AND   FOOTINGS 
Foundation  Walls 

Building  codes  commonly  consider  "foundation"  walls  as 
including  all  walls  and  piers  built  below  the  curb  level,  or 
nearest  tier  of  beams  to  the  curb,  which  serve  as  supports  for 
walls,  piers,  columns,  girders,  posts,  or  beams.  Such  codes 
also  specify  that  these  foundation  walls  shall  be  built  of 
stone,  brick,  Portland  cement  concrete,  iron,  or  steel. 

The  costs  of  foundation  walls,  supposing  that  the  mini- 
mum thicknesses  were  to  be  used,  would  be  as  follows: 
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TABLE  VII 
Thiekness  of  Foundation  Walls  for  Buildings  of  Various  Heights 

(No  Building  Code  in  Force) 


Height  of  Building 

DwsLLrNQB,  Hotels,  stc. 

WABBttOVBXB 

Brick 

Stone  and 
Concrete 

Brick 

Stone  and 
Concrete 

Two  stories. 

Inches 
12  or  16 

16 

20 

24 

28 

Inches 
20 
20 
24 
28 
32 

Inches 
16 
20 
24 
24 
28 

Inches 
20 

Three  stories. 

24 

Four  stories 

28 

Rv*i  Btories. .  • 

28 

Six  stories..., 

82 

For  1  square  foot  of  outside  wall  surface: 

Stone  woTls,,  IS"  thick 28  cents 

Concrete,   8''   thick 20  cents 

Brick,  12"  thick 25  cents 

The  above  prices  are  necessarily  approximate,  and  should 
be  checked  up  in  the  locality  where  the  work  is  to  be  figured 
on.  The  best  way  to  check  such  results  is  to  find  the  number 
of  cubic  feet  contained  in  the  proposed  wall,  by  multiplying 
the  thickness  of  each  kind  of  material  by  the  length  around 
the  wall,  and  then  multiplying  this  result  by  the  height  de- 
sired. These  dimensions  should  all  be  in  feet.  This  gives 
the  volume  of  the  wall  in  cubic  feet 

Then  find  the  quantity  of  each  material  needed  for  each 
kind  of  wall,  and  multiply  by  the  local  cost  per  unit  of 
same.  To  this  add  the  local  labor  cost  for  putting  each  form 
of  wall  in  place.  The  result  will  be  the  total  cost  of  each 
kind  of  wall.  If  it  is  desired  to  find  the  cost  of  each  per 
square  foot  of  outside  surface,  divide  each  total  by  the 
product  obtained  by  multiplying  the  distance  around  the  wall 
by  the  height 

Detailed  descriptions  of  similar  methods  of  figuring  are 
found  in  other  places  in  this  volume. 

As  a  guide  to  be  followed  when  no  building  code  requires 
or  specifies  a  certain  thlcki^ess  of  foundation  wall.  Table  VII 
may  be  taken  as  indicating  the  average  current  practice. 

Proportions  of  Footings.  The  unit-bearing  on  foundations 
should  be  kept  the  same  under  all  parts  of  continuous  struc- 
tures. Foundations  should  be  designed  to  distribute  the  loads 
upon  them  uniformly. 

Table  vni  shows  the  bearing  power  of  various  soils,  and 
may  be  used  In  determining  size  of  footings  for  walls. 
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TABLE  VIII 
Bearing  Power  of  Various  Soile 


KIND  OF  MATERIAL 


Rode — tba  haniest — in  thick  UyBra  of  d*tiv«  bed. . 

Rock  equal  to  beet  aahlar  maeoniy. 

Rock  equal  to  beet  brick  maeonry. 

Rock  equal  to  poor  brick  maeonry. 

Clay  on  thick  beda,  alwasrs  dry 

Clay  on  thick  beds,  moderately  dry 

Clay,  soft 

Grairel  and  ooarae  land.  well  compacted 

8and,  compacted  and  well  cemented 

Band*  dean,  dry 

Qoidaand,  alluvial  aoila,  etc 


Bbabxmo  Fowsb 

IN  Tons 

Pkr  So.  Pt. 

Min. 

Max. 

200 

25 

30 

15 

20 

5 

10 

4 

6 

2 

4 

1 

2 

8 

10 

4 

6 

2 

4 

0.5 

1 

In  general*  footings  for  natural  foundations  should  be 
made  1  ft  6  in.  or  2  ft  thick. 

Footings  for  pile  foundations  should  be  made  3  ft  thicks 
with  the  pile  head  projecting  1  ft  into  the  concrete. 

Depth  of  Footings.  Wherever  exposed  to  the  action  of 
frost  footings  should  be  carried  from  3  ft  to  5  ft.  below 
ground  level,  depending  on  the  latitude.  Footings  should  be 
carried  to  the  firmest  foundation  within  reasonable  reach. 

He  Foundations 


Pile  Spacing.  Fotindation  piles  should  not  be  spaced 
closer  than  2  ft.  center  to  center  in  any  direction,  and  at 
least  2  ft  6  in.  should  be  allowed  in  one  direction. 

Bearing  Power  of  Piles.  The  maximum  load  carried  by 
any  pile  should  not  exceed  40,000  pounds,  or  600  pounds  per 
square  inch  of  its  average  cross-section.  These  limits  apply 
to  piles  driven  in  firm  soil  to  rock.  Piles  driven  through 
loose,  wet  soil  to  solid  rock  or  an  equivalent  bearing  foun- 
dation, should  be  figured  as  columns  with  a  maximum  unit 
stress  of  600  lbs.  per  square  inch  in  the  outer  fibers. 

Safe  Load  for  a  Pile.  The  safe  load  that  a  pile  will  sup* 
port  has  been  the  subject  of  some  experiments  and  much 
speculation;  but  no  unfailing  rule  has  been  deduced.  The 
formula  that  is  in  most  common  use  for  determining  this 
safe  load,  is  known  as  the  Engineering  News  formula: 
2  W  h 
P    =   . 

8    +    1 

In  whldi  P  Is  the  safe  load  on  the  pile,  and  W  is  the^ 
of  the  hammer  of  the  pilenJriver,  both  being  takep 
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same  unit,  usually  tons;  h  is  the  height  in  feet  through  which 
the  hammer  falls;  and  s  is  the  penetration,  in  inches,  of  the 
pile  under  the  last  hlow. 

For  example,  if  a  hammer  weighing  2,000  pounds,  falling 
20  feet,  causes  the  pile  to  sink  1^  inches  under  the  last 
blow,  then  the  safe  load  by  tue  formula  will  be: 
2  X  1  X  20 
P  = =  16  tons. 

1%  +  1 

Driving  Wooden  Piles.  The  cost  of  driving  piles  will 
vary  with  the  nature  of  the  soil  and  the  method  of  driving 
the  piles.  Timber  piles  of  good  quality  and  average  size 
may  be  driven  for  from  20  to  26  cents  per  foot  of  length, 
including  the  cost  of  the  timber.  This  price  applies  to  piles 
of  about  10  inches  average  diameter-  and  from  16  to  26  feet 
In  length. 

The  variation  from  these  prices  may  be  as  much  as  25 
per  cent,  or  even  more,  when  only  a  few  piles  are  to  be 
driven. 

Driving  Concrete  Piles. — Owing  to  the  difference  in  design 
of  concrete  piles,  the  cost  of  piles  in  place  may  vary  from 
about  60  cents  to  $1.60  per  foot  of  length,  the  lower  price 
applying  to  piles  of  plain  design  and  short  lengths. 

Concrete  Blocks  for  Foundation  Walls.  For  basements 
less  than  12  feet  in  height,  a  wall  8  %ches  thick  is  sufficient 
for  supporting  an  ordinary  2-story  frame  building.  The  size 
of  the  blocks  is  a  matter  of  taste,  but  no  block  should  be 
longer  than  four  times  its  height,  or  shorter  than  one  and 
one-half  times  its  height.  The  best  builders  favor  blocks  that 
are  twice  as  long  as  they  are  high.  Crushed  stone  that 
passes  a  %-inch  screen  is  used  as  aggregate  where  strength 
Is  desired,  but  may  produce  a  rough  appearing  block. 

Where  concentrated  loads  rest  on  concrete  block  foundh- 
tions,  a  few  heavy,  solid  blocks  should  be  used  as  a  bearing. 

EMPLOYERS'  LIABILITY  INSURANCE 

Insurance  against  accident  to  both  employees  and  out- 
eiders,  on  work  of  normal  risk,  will  cost  about  as  follows: 

Masonry  3       per  cent  of  the  pay-rolL 

Ornamental  iron  work.... 3         "      "      "      " 
BxcavaUng  (no  blasting). 3         "      "      "      " 

Carpentry   ....2.25    "      "      "      "       •• 

Private  dwellings 1.86    "      "      "      "       •• 

Plumbing 1.25    "      "      "      "        •* 

Painting  1.26    "      "      "      •'       •• 
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When  the  risk  is  great  these  items  may  run  as  high  as  8 
or  10  per  cent  Insurance  on  building  wrecking  runs  as  high 
as  13  per  cent 

On  some  reservoir  pipe  lines  in  New  Jersey,  the  insur- 
ance was  2%  per  cent;  and  insurance  of  this  kind  has  been 
obtained  as  low  as  1  per  cent,  or  even  sometimes  less,  on 
such  work  as  road  construction  where  there  was  practically 
nothing  that  could  happen.  On  aqueduct  work  with  a  rock 
tunnel,  a  rate  less  than  4  per  cent  has  been  obtained.  In 
deep  trench  work,  accidents  to  the  men  are  likely  to  be  fre- 
quent; and  accident  insurance  companies,  when  the  work  is 
to  be  done  in  certain  kinds  of  soil,  will  usually  refuse  to  in- 
sure the  men  on  this  sort  of  contract* 
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RULES  FOR  GRADING   LUMBER 

The  rules  which  govern  the  grading  of  the  various  kinds 
of  lumber  sold  on  the  market  are  determined  by  the  various 
lumber  associations.  These  associations  are  composed  of 
lumber-producing  companies  who  are  Interested  in  a  particu- 
lar type  of  material,  or  group  of  materials. 

Since  the  rules  for  grading  are  subject  to  change,  it  is 
advisable  for  contractors  who  are  interested  in  a  given  prod- 
uct  to  send  directly  to  the  secretary  of  the  lumber  association 
dealing  with  that  particular  product,  when  the  latest  Infor- 
mation in  regard  to  grading  is  desired.  The  different  asso- 
ciations publish  small  pamphlets  containing  these  grading 
rules,  which  may  be  obtained  free  upon  request. 

The  following  list  of  addresses  will  be  of  service  In  ob- 
taining copies  of  the  various  grading  rules: 

For  yellow  pine — The  Yellow  Pine  Manufacturers'  Associa- 
tion, St.  Louis,  Mo. 

For  cypress  lumber  and  shingles— The  Southern  Cypress 
Manufacturers*  Association,  New  Orleans,  La. 

For  hemlock,  maple,  beech,  and  birch — The  Northern  Hem- 
lock &  Hardwood  Manufacturers'  Association,  Wausau,  Wis. 

For  oak  flooring — Oak  Flooring  Bureau,  Detroit,  Mich. 

For  Washington  red  cedar,  western  hemlock,  and  Oregon 
fir — ^The  West  Coast  Lumber  Manufacturers'  Association,  Cen- 
tralla.  Wash. 

For  white  pine — Northern  Pine  Manufacturers'  Association, 
Lumber  Exchange  Bldg.,  Minneapolis,  Minn. 

For  red  gum  and  sap  gum— Cum  Lumber  Bureau,  Pull- 
man Bldg.,  Chicago,  III. 

For  red  cedar  shingles — Red  Cedar  Shingle  Manufacturers* 
Association,  Seattle,  Wash. 

For  redwood — The  Redwood  Association,  San  Francisco, 
Cal. 

For  all  native  hardwoods — ^Hardwood  Manufacturers'  Asso- 
ciation of  the  United  States,  Cincinnati,  Ohio;  or,  the  Na- 
tional Hardwood  Lumber  Association,  Chicago,  111.      • 

For  Arkansas  soft  pine — ^Arkansas  Soft  Pine  Bureau,  Chi- 
cago, 111. 

144 
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For  additional  Information  regarding  grading  rules  and 
the  properties  of  lumber,  application  should  be  made  to  the 
XJ.  S.  Department  of  Agriculture,  Forest  Service,  Washing- 
ton, D.  C.  This  Department  Issues  bulletins  containing  grad- 
ing rules,  and  other  valuable  information  In  regard  to  all 
kinds  of  lumber. 

STANDARD  SIZES  OF  DRESSED  LUMBER 

As  an  example  of  the  information  which  may  be  obtained 
from  the  literature  of  the  lumber  manufacturers'  associations, 
the  following  list  of  standard  sizes  of  dressed  yellow  pine 
lumber  has  been  reproduced  from  a  pamphlet  issued  by  the 
Yellow  Pine  Manufacturers'  Association,  St  Louis,  Mo.: 

Finishing  shall  be  dressed  to  the  following:  1-in.  S.  1 S.  or 
2  S.  to  13/16;  1%-in.  S.  1  S.  or  2  S.to  1  1/16;  1%  in.  S.  1  S. 
or  2  S.  to  1  6/16;  2-ln.  S.  1  S.  or  2  S.  to  1%  in.  1x4  S.  4  S. 
shall  be  3H  In.  wide  finished;  1x6  S.  4  S.  shall  be  4H  In. 
wide;  1x6—6%  in.;  1x7—6%  in.;  1x8—7%  In.;  1x^—8%  in.; 
1x10—9%  in.;  1x11—10%  in.;  1x12—11%  in. 

The  foregoing  widths  shall  also  apply  to  stock  thicker 
than  1  in. 

Molded  Casing  and  Base.  Shall  be  worked  to  %-in.  as  per 
patterns  shown  in  Yellow  Pine  Manufacturers'  Association 
Molding  Book,  1908  edition. 

Flooring.  The  standard  of  1x3,  1x4,  and  1x6  in.  D.  and 
better  shall  be  worked  to  13/16x2%,  3%,  and  6%  in.;  1%-in. 
flooring  shall  be  1  3/32  In.  thick;  1%-in.  flooring  to  1  11/32 
in.  thick,  the  same  width  andinatching  as  1-in.  stock. 

Drop  Siding.  D.  and  M.  shall  be  worked  to  %x3%  and 
6%-in.  face,  4%  and  6%  over  all.  Worked  shiplap,  %x6-in. 
face,  6%  over  all. 

Ceiling  shall  be  worked  to  the  following:  %-in.  ceiling, 
6/16  in.;  %-in.  ceiling,  7/16  in.;  %-in.  ceiling,  9/16  in.;  %-in. 
ceiling,  11/16  in.  Same  width  as  flooring.  The  standard 
working  of  ceiling  shall  be  beaded  center  and  edge  with 
slight  bevel  on  groove  edge.  The  bead  on  all  ceiling  and  par- 
tition shall  be  depressed  1/32  in.  below  surface  line  of  piece. 

Partition  shall  be  worked  to  the  following:  %x3%  and 
6%  in.  Same  standard  for  location  of  and  size  of  bead  as 
applies  to  celling. 

Bevel  Siding.  To  be  made  from  stock  S.  4  S.  worked  to 
13/16x3%  and  6%  and  resawed  on  a  bevel. 

Window  and  Door  Jambs.  Dressed,  rabbeted  and  plowed 
as  ordered. 

Boards  and  Fencing.    1-in.  S.  1  S.  or  2  S.  to  13/16  in. 
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Shiplap  and  Barn  Siding  No.  1  Common.  $,  10,  and  12-ln. 
Bhall  be  worked  to  13/16x7%,  2%,  and  11%  in. 

D.  and  M.  No.  1  Common  8,  10,  and  12-ln.  Shall  be  worked 
to  the  following:    13/16x7%,  9%,  and  11^  in. 

Grooved  Roofing.  10  and  12-in.  S.  1  S.  and  2  E.  shall  be 
worked  to  13/16x9%  and  11%. 

Wagon  Bottoms,  unless  otherwise  ordered,  shall  be  made 
in  sets  38  and  42  in.  face,  and  from  stock  4  in.  or  over  in 
width. 

Standard  thickness  shall  be  13/16  in. 

Dimension  shall  be  worked  to  the  following:  2x4  S.  1  S. 
and  1  E.  to  l%x3%  in.;  2x6  8.  1  S.  and  1  E.  to  l%x5%  in.; 
2x8  S.  1  S.  and  1  E.  to  l%x7%  in.;  2x10  S.  1  S.  and  1  E.  to 
l%x9%  in.;  2x12  S.  1  S.  and  1  E.  to  1%  by  11%  in.  Dimen- 
sion S.  4  S.  %-in.  less  than  standard  size  S.  1  S.  and  1  E. 

Heavy  Joists  shall  be  worked  to  the  following:  2x14,  2%, 
and  3x10,  12,  and  14,  S.  1  S.  and  1  E.,  green,  %-in.  off  side 
and  %-in.  off  edge.  S.  4  S.  %-ln.  off  each  face  surfaced. 
Heavy  Joists,  rough,  green,  must  not  be  oyer  %-in.  scant  in 
width  or  thickness. 

Heavy  Flooring.  For  2  and  2%-in.  matching,  the  thick- 
ness should  be  %-in.  less « than  the  rough  material.  The 
tongue  should  be  %-in.  thick  and  %-in.  long.  For  3-in.  and 
thicker  matching,  the  tongue  should  be  %-in.  thick  and  %-in. 
long,  and  the  thickness  of  the  stock  should  be  %-in.  less  than 
the  rough  material.  The  groove  in  heavy  matchings  should 
be  1/16-in.  wider  than  the  thickness  of  the  tongue^  and  7/16- 
In.  deeper  than  the  length  of  the  tongue.  Tongue  and  groove 
shall  be  located  %  the  thickness  of  the  rough  material  from 
the  bottom  of  the  piece.  In  2  in.  and  thicker  material  plowed 
for  splines,  the  groove  should  be  the  same  width  and  depth 
as  is  provided  for  in  matching  material  of  the  same  thick- 
ness. 

Heavy  Shiplap  shall  be  worked  to  the  same  thickness  as 
heavy  flooring.  The  lap  shall  be  %  in.  long,  occupying  one- 
half  the  finished  thickness  of  the  piece. 

Timbers  shall  be  worked  to  the  following:  4x4  and  larger 
8.  1  S.  or  S.  &  E.,  %-in.  off  each  face  surfaced.  S.  3  S.  or 
8.  4  S.,  %-ln.  off  each  face  surfaced. 

Yellow  Pine  Plastering  Lath.  No.  1  should  measure  2  in. 
in  thickness  to  every  five  lath,  green,  the  minimum  thick- 
ness of  any  one  lath  shall  not  be  less  than  6A6  in.  green, 
and  should  not  be  less  than  1  7/16  in.  in  width,  green,  length 
4  ft,  1%  in.  thickness  to  every  5  lath,  dry,  and  should  not 
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measure  less  than  1  5/16  in.  in  width,  dry.  Must  not  be  more 
than  ^  in.  scant  In  length  when  dry. 

No.  2  must  not  be  less  than  1%  in.  in  width,  ^  in.  thick, 
when  dry,  and  not  more  than  %  in.  short  in  length. 

Byrkit  Lath.  %x3^  and  5%  in.  wide,  lengths,  4  ft  and 
upward. 

Square  Pickets.  From  IH-ixL  stock  shall  be  worked  to 
1  5A6zl  5/16,  3  and  4  ft  long,  dressed  on  4  sides  and  pointed. 
From  1%-in.  stock  shall  be  worked  to  1 1/16x1 1/16,  3  and  4 
ft  long,  dressed  on  4,  sides  and  pointed. 

Flat  Pickets.  Fr^m  1x3  stock  shall  be  worked  to  %z2^, 
8  and  4  ft  long,  dressed  on  4  sides  and  headed. 

ACTUAL  SIZES  OF  LUMBER 

About  95  per  cent  of  the  southern  yellow  pine  on  the  mar- 
ket is  classified  and  graded  according  to  the  rules  of  the 
Southern  Tellpw  Pine  Manufacturers'  Association,  and  runs 
from  ^  to  %-in.  smaller  in  dimension  than  called  for  by  its 
nominal  size.  Table  IX  gives  the  actual  sizes  of  the  various 
nominal  sizes  of  yellow  pine  lumber  as  given  by  the  above 
named  association.  Where  the  letters  S-1-S-l-E  are  used,  it 
means  that  the  lumber  is  surfacai  or  planed  on  one  side  and 
one  edge  only,  while  S-4-S  designates  that  the  material  is 
surfaced  on  all  four  sides. 

If  calculations  for  safe  loads  on  beams  have  been  made 

#  TABLE  IX 

Actual  Sizes  of  Lumber  Dimensions,  In  Inches 

(Southern  Yellow  Pine  Manufacturers'  Association) 

For  SlSlE 


Breadth 


2  lb. 


4  In. 


ein. 


8ia. 


10  In. 


12  in. 


Depth 

4  in. 

6  in. 

8-tau 
tOfn. 
V2lD« 


9|xili 


nixin 


For  84S 


4ln. 

ein. 

Sin. 
lOtau 
12  in. 


nan 


lllsll* 
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TABLE  X 
Factors  for  Reducing  Nominal  Loads  to  Real  Safe  Loads 

ForSlSiE 


Breadth 

2  in. 

4  in. 

6  in. 

8  in. 

10  in. 

12  in. 

Depth 

67 

74 

4  m. 

100 

100 

x^ 

71 

8 

82 

6  in. 

100 

10 

100 

71 

82 

9 

9 

8  In. 

1 

M^ 

_• 

100 

lOO: 

'   10 

10 

73 

84 

9 

92 

93  ' 

10  In. 

u-« 

■  .■ 

»— 

■  ■■ 

100 

100 

10 

100 

100 

75 

85 

92 

93 

94 

94 

12  in. 

» . .. 

.  1  ■ 

■  .   -M 

■  ■  » 

100 

100 

100 

100 

100 

100 

For  S4S 


57 

67 

4  In. 

100  ' 
63 

100 
74 

77 

6  in. 

100  * 

100 

100 

64 

77 

81 

82 

8  In. 

— 

100 

100 

100 

100 

10  In. 

66 

79 

83 

.  85 

86 

100 

100 

100 

100 

100 

• 

12  in. 

67 

8 

84 

86 

87 

88 

100 

10 

100 

100 

100 

100 

by  uping  the  full  and  rated  size  of  timber,  the  load  obtained 
for^uU-eize  cross-section  should  be  multiplied  by  the  factor 
corresponding  to  that  size  of  section  given  in  Table  X. 

For  Instance,  the  safe  load  for  a  2  by  12-in.  yellow  pine 
joist  10  ft  long  is  3,200  pounds  when  the  Joist  is  taken  as  full 
2  by  12  in.  From  Table  IX,  we  see  that  the  actual  size  of 
this  joist  is  only  1%  by  11^  in.;  therefore  the  true  load 
would  be  determined  by  multiplying  3,200  pounds  by  75A00 
as  given  in  Table  X.  On  this  basis,  the  safe  allowable  load 
would  be  2,400  pounds. 

TO   DETERMINE   NUMBER   OF   FEET   BOARD  MEASURE 
IN  TIMBER    • 
A  board  foot  is  a  piece  of  timber  12  in.  long,  12  in.  wlde» 
and  1  in.  thick.    Thus  a  block  of  timber  12  in.  square  on  the 
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end,  and  1  ft  (12  in.)  long,^  would  contain  12  board  feet.  A 
simple  rule  for  finding  the  number  of  board  feet  in  a  piece 
of  timber  is  to  multiply  the  end  dimensions  together,  divide 
this  product  by  12,  and  multiply  this  answer  by  the  length  of 
the  piece  in  feet. 

Thus,  a  2  by  12-  in.  Joist  16  ft  long  would  contain 
2X12 

X  16  =  32  board  feet. 

12 
Table  XI  gives  the  number  of   board   feet  in   1   ft.   of 
length  of  common  sizes  of  timber. 

TABLE  XI 

Board  Measure  per  Linear  Foot  of  Length  for  Different  Sizes 

of  Timber 


End  Size, 

Feet,  Bd. 

End  Size, 

Feet,  Bd. 

End  Size, 

Feet,  Bd- 

in  Inches 

Measure 

in  Inches 

Measure 

lurches 

Measure 

1x2 

.17 

1^x10 

1.04 

3x8 

2.00 

1x3 

.25 

l%xl2 

1.25 

3x10 

2.50 

1x4 

.33 

l%x2 

.25 

3x12 

3.00 

1x6 

.42 

1^x3 

.37 

3x14" 

3.50 

1x6 

.50 

l%x4 

.50 

4x4 

1.33 

1x8 

.67 

1^x5 

.62 

4x6 

2.00 

1x10 

.83 

l%x6 

.75 

6x6 

3.00 

1x12 

1.00 

l%x8 

1.00 

6x8 

4.00 

1x14 

1.17- 

l%xlO 

1.25 

8x8 

5.33 

1x16 

1.33 

l%xl2 

1.50 

8x10 

6.66 

1x18 

1.50 

2x4 

.67 

8x12 

8.00 

1x20 

1.67 

2x6 

1.00 

10x10 

8.33 

1^x2 

.21 

2x8 

1.33 

10x12 

10.00 

1^x3 

.31 

2x10 

1.67 

12x12 

12.00 

1^x4 

.42 

2x12 

2.00 

14x14 

16.33 

l%x5 

.52 

2x14 

2.33 

16x16 

21.33 

l%x6 

.62 

3x4 

1.00 

l%x8 

.83 

3x6 

1.50 

Lumber  of  any  given  width  may  be  calculated  from  the 
table  by  adding  together  the  board  measure  in  two  other 
sizes  of  the  same  thickness  of  material.  For  instance,  a 
2xl6-in.  timber  will  contain  twice  as  many  board  teet  as  a 
2x8-in.  piece,  or  as  much  as  a  2xl2-in.  and  a  2x4-in.  taken 
together. 

Number  of  Board  Feet  in  Logs 

The  hand  book  issued  by  the  Forest  Service  on  log  rules, 
flihows  45  different  methods  for  measuring  logs,  each  of  which 
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differs  in  some  respects  from  the  others.  In  the  Southern 
and  Central  section  of  the  country  the  rule  most  generally 
followed  is  the  Scribner-Doyle,  which  is  based  on  the  number 
of  square^dged  inch  boards  of  standard  width  a  log  wiU 
make;  and  in  scaling  by  this  rule,  measurement  is  taken  at 
the  small  end  of  the  log  inside  of  the  bark.  Or  if  it  is  a 
longer  log  to  be  cut  in  two  before  sawing,  the  measurement 
of  both  ends  is  taken  and  the  average  diameter  of  the  two 
makes  the  scale  measurement  for  the  butt  log. 

There  is  a  rule  known  as  the  %  rule,  said  to  be  used  ia 
Maine,  New  Hampshire,  and  Massachusetts,  the  formula  on 
which  it  is  based  being  as  follows:  Deduct  %  the  diameter 
at  the  small  end  of  the  log  inside  of  the  bark,  for  saw  kerf 
and  slabs;  square  the  remainder;  multiply  by  the  length  of 
the  log;  and  divide  this  last  product  by  12,  for  tHe  contents 
of  the  log  in  board  feet 

There  is  another  rule  known  as  the  Orange  river  ruler 
which  is  used  in  Texas  and  based  on  the  following:  Multiply 
the  square  of  the  diameter  of  the  small  end  of  the  log  inside 
the  bark  by  the  length  of  the  log,  and  divide  the  product  by 
30.    The  result  is  the  contents  in  board  feet. 

All  of  these  rules  are  based  on  the  measurements  taken 
at  the  small  end  of  the  log  inside  the  bark.  By  keeping  this 
in  mind,  and  getting  a  copy  of  the  table  of  rules  followed  by 
the  purchaser  of  the  timber,  the  amount  of  timber  may  be 
estimated  easily  before  it  is  hauled. 

Another  rule  is  known  as  the  New  Hampshire  rule.  This 
rule  is  based  on  an  imaginary  cubic  foot  equal  to  about  1 4/10 
times  the  standard  cu.  ft  The  statutes  of  New  Hampshire, 
1910,  give  the  law  on  this  rule  as  follows: 

"All  round  timber,  the  quantity  of  which  is  estimated  by 
the  thousand,  shall  be  measured  according  to  the  following 
rules:  A  stick  of  timber  16  in.  in  diameter  and  12  in.  long 
shall  constitute  1  cu.  ft;  and  the  same  ratio  shall  apply  to 
any  other  size  and  quantity.  Each  cu.  ft.  shall  constitute  ten 
feet  of  a  thousand  board  feet" 

In  the  practical  use  of  this  rule  it  is  customary  to  con- 
sider 115  cu.  ft  equivalent  to  1,000  ft,  board  measure,  instead 
of  100  cu.  ft.,  according  to  the  wording  of  the  statute.  In  this 
case,  the  diameter  is  taken  at  the  middle  of  the  log  inside  the 
bark.  If  the  diameter  is  measured  at  the  small  end  of  the 
log,  106  cu.  ft.  are  allowed  for  1,000  board  feet  The  New 
Hampshire  rule  is  also  called  the  Blodgett  rule. 
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SHRINKAGE  OF  TIMBER 
Timber  Bhrinks  but  yery  little  lengthwise  of  the  grain 
when  drying,  but  crosswise  the  shrinkage  may  be  quite  con- 
siderable. The  shrinkage  yaries  considerably  in  different 
kinds  of  timber.  The  soft  woods,  such  as  pine,  spruce,  or 
cypress,  shrink  eyenly,  with  but  little  cracking;  but  the  hard 
woods,  such  as  oak  and  hickory,  are  often  subject  to  injury. 
Table  XII  gives  the  approximate  shrinkage  of  timber  when 
drying  in  the  open  air. 

TABLE  XII 
Approximate    Shrinkage   of   Timber   per    Foot   of   Width    In 

Drying 


Shrinkage 

Shrinkage 

in- Inches 

in  Inches 

Kind  of  Wood 

per  Foot 

Kind  of  Wood 

per  Foot 

of  Width 

of  Width 

Ash 

.60 

Horse  chestnut          .72 

Basswood 

.72 

Locust 

.72 

Beech 

.60 

Maple 

.60 

Birch 

.72 

Oak 

1.20 

Box  elder 

.48 

Pine,  har^ 

.48 

Cedar 

.36 

Pine,  soft 

.36 

Cherry 

.60 

Poplar 

.60 

Chestnut 

.72 

Spruce 

.36 

Cypress 

.36 

Sycamore 

.60 

^         Elm 

.60 

Tamarack 

.48 

Hickory 

1.20 

Wakiut 

.60 

Honey  locust 

.48 

ORDINARY  LUMBER  WASTE 

In  the  use  of  ordinary  lumber  on  walls,  floors,  ceilings, 
etc.,  the  following  percentages  should  be  added  to  the  actual 
measurement  of  the  surface  to  be  coTcred,  in  order  to  allow 
for  lapping,  matching,  etc.: 

Battens,  1x4,  placed  6  in.  on  centers,  only  %  of  surface 
measure  is  needed. 

Battens,  1x6,  placed  8  in.  on  centers,  only  %  of  surface 
measure  is  needed. 

Celling  will  be  same  as  flooring  given  below. 

Flooring,  3-ln.  matched 50% 

Flooring,  4-in.  33% 

Flooring,  6-in 

(See  also  under  Maple  and  Oak  Flooring.) 


152    RADFORD'S  ESTIMATING  AND  CONTRACTINa 

Papers  and  felts  are  usuall^r  listed  for  enough  less  than 
the  roll  actually  contains  to  allow  for  lapping. 

Sheathing,  common,  laid  horizontally  on  walls  liTithoat 

openings 10% 

Sheathing,  common,  laid  horizontally  on  roofs  without 

openings  10% 

Sheathing,  common,  laid  horizontally  on  dwellings  with 

usual  openings   Nothing 

Sheathing,  common,  laid  diagonally  on  dwellings  with 

usual  openings  17% 

Sheathing,  tight,  6  in.,  laid  horizontally 20% 

Sheathing,  tight,  8  in.,  laid  horizontally 15% 

Sheathing,  tight,  10  in.,  laid  horizontally 12% 

Sheathing,  tight,  6  in.,  laid  diagonally. 25% 

Sheathing,  tight,  8  in.,  Jaid  diagonally 17% 

Sheathing,  tight,  10  in.r  laid  diagonally 12% 

Siding,  drop  20% 

Siding,  lap,  4  in.  to  weather 50% 

Siding,  lap,  4^  in.  to  weather 33% 

To  estimate  the  quantity  of  sheathing  or  of  shiplap,  ap- 
proximately, calculate  the^  exact  surface  to  be  covered,  de- 
ducting openings;  then  add  the  following  percentages: 

Sheathing.  Shiplap. 

For  floors 1/7  or  15%        1/6  or  17% 

For  side  walls  1/6  or  17%        1/5  or  20% 

For  roofs 1/5  or  20%        1/4  or  25% 

HOUSE  CHART 

The  object  of  the  chart  on  page  8  is  to  give  the  names  of 
various  parts  of  a  frame  house.  On  account  of  the  limited 
space,  only  one  story  and  roof  could  be  shown;  but  this  does 
not  matter  much,  as  the  second  or  third  stories  would  be 
similar  to  the  first 

To  show  as  many  of  these  various  parts  as  possible,  the 
house  is  arranged  in  a  peculiar  manner,  part^  being  omitted 
here  and  there;  while  many  parts  are  drawn  larger  than 
they  should  be,  so  as  to  show  them  clearly. 

The  main  body  of  the  house,  toward  the  left,  is  the  bal« 
loon-framed  type;  while  the  wing,  toward  the  right,  is  of  the 
braced-frame  type.  The  names  of  the  various  parts  are  as 
follows: 

1    Stone  foundation.  4.    SilL 

2.    Brick  pier  or  pUlar.  5.    Comer-post  of  balloon 

8.    Post  frame. 
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6. 

Comer-post  of  braced 

27. 

Rldge-rolL 

frame. 

28. 

Shingles. 

7. 

Studding. 

29. 

Horizontal  sheathing. 

8. 

First-story  beams  or 

30. 

Diagonal  sheathing. 

joists. 

31. 

Sheathing  paper. 

9. 

Trimmer. 

32. 

Clapboards  or  siding. 

10. 

Tail-beam. 

83. 

Shingle  siding. 

11. 

Header 

34. 

Water-table. 

12. 

Mortise-and-tenon  joint 

35. 

Pitched  cap  of  water- 

13. 

Second-story  beams  or 

table. 

joists. 

36. 

Window-frame, 

14. 

Ribbon  or  girt  strip. 

37. 

Shutters  or  blinds. 

15. 

Plate. 

38. 

Frieze. 

16. 

Girt 

39. 

Fascia. 

17. 

Bridging. 

40. 

Planceer  or  plancher. 

171. 

Brace. 

41. 

Gutter. 

18. 

Common  rafters. 

42. 

Comer-board. 

19. 

Ridge. 

43. 

Collar  beam. 

20. 

Valley  rafters. 

44. 

Lath. 

21. 

Jack  rafters. 

45. 

Rough  plastering. 

22. 

Hip  rafters. 

46. 

Finished  plastering. 

23. 

Roof  sheathing. 

47. 

Baseboard. 

24. 

Purlins  or  shingle  lath. 

48. 

Flooring. 

25. 

Flashing. 

49. 

Well-hole  (for  staircase). 

26. 

Ridge-board. 

50. 

Door  opening. 

BARN  FRAMING 

At  first  glance  at  the  construction  shown  in  Fig.  4,  one 
would  think  such  a  frame  a  wilderness  of  timbers.  As  a 
matter  of  fact,  however,  the  system  is  simple,  and  the  num- 
ber of  names  of  different  members  or  parts  Is  not  great 
The  accompanying  list  (p.  155)  gives  the  names  and  sizes  of 
the  different  numbered  parts. 

ESTIMATING   LUMBER    FOR   BUILDINGS 

In  estimating  material  for  buildings,  it  is  often  desirable 
to  have  some  easy,  quick,  and  reliable  methods  that  will 
enable  the  contractor  to  arrive  at  a  close,  approximate  cost 
without  the  necessity  of  going  into  all  the  details  and  mak- 
ing out  lumber  bills.  As  nearly  all  lumber  is  sold  by  board 
measure.  It  Is  apparent  that  an  easy  system  of  reducing 
linear  feet  of  different-sized  timbers  to  board  measure  is  one 
thing  needed.  This  is  the  case  with  sills,  girders,  and  beams. 
The  linear  feet  of  such  timbers  in  many  plans  can  be  de- 


164    RADFORD'S  ESTIMATING  AND  CONTRACTING 


CARPENTRY 


155 


^ 


PARTS  OP  A  HEAVY  TIMBER  BARN 


L 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
16|. 
17. 
18. 
19. 
90. 
21. 


26. 


Name  of  Part 

Basement  sill 10 

Basement  posts  12 

Main  sill  10 

Cross-sill   10 

Main  post  . . . . , 8 

Center  post 8 

Main  beams 8 

Main  plate  8 

Parlin  posts  6 

Purlin  beams 6 

Purlin  plate  6 

Upper  rafters 2 

Lower  rafters 2 

Parlin  girts     4 

Parlin  braces  3 

3-f t.-run  brace  3 

2|.ft.-ran  brace  3 

3i-ft.-run  brace  3 

End  girts < 4 

Side  girts i 4 

Door  girts 4 

Breast  girt r 6 

Breast  girt  stads. 3 

Ladder  post  3 

Door  posts  4 

Overlays,  top  and  ends  flatted  to.  ■ .  6 
Sleepers  6 


Size 
by  12  inches 
by  12 
by  10 
by  10 
by  8 
by  8 
by  10 
by  8 
by  6 
by  6 
by  6 
by  6 
by  6 
by    6 


by 
by 
by 
by 
by 


4 

4 
4 
4 
6 


by  6 
by  6 
by  8 
4 
4 
4 


by 

by 

by 


by    6 


termined  in  a  few  mlnntes;  then  if  these  quantities  can 
Quickly  be  reduced  to  board  measure,  the  cost  can  be  figured 
without  dlflSculty.  Again,  if  the  number  of  feet  board  meas- 
ure for  ▼arlous  kinds  of  framing  is  known,  then  the  estimate 
of  the  cost  of  material  for  such  work  is  quicldy  reached. 
SV>r  assisting  in  estimating  the  cost  of  material  without 
making  out  a  bill  in  detail.  Table  XIII  will  be  of  service. 
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TABLE  XIII 

Number  of  Feet  Board  Measure  per  Linear  Foot,  In  8111% 

Qirdersr  and  Beams 

4x6  in 2      ft  per  linear  foot 

6x6  in 3       *'    "        " 

6x8  in 4       "    ** 

8x8  in 5%    "    " 

8x10  in 6%    "    " 

10x10  in 8%    "    " 

i0xl2  In 10       " 

12x12  in 12       "    " 

TABLE  XIV 
Number  of  Feet  Board  Measure  in  a  Square  of  Framing 
Partitions  (including  plates) — 
2x4  in.  partiti< 
2x4    " 
2x4    " 
2x6    " 
2x6    " 
2x6    " 

The  framing  of  outside  walls  may  be  estimated  the  same 
as  above. 

Floors  and  Ceilings  (allowing  one  Joist  in  every  square 
for  doubling) — 

2x4  in.  set  16  in.  O.  C 67  ft 


set  16  in.  0. 
"    20    "    " 
"     24     "     " 

C 

« 

80  ft 

67    " 

60    " 

"     16     "     " 
"     20     "     " 

« 

120    " 

100    " 

u    24     "     " 

II 

90    " 

2x6 
2x8 
2x10 
2x12 
2x12 
2x14 
2x14 


16 
16 
16 
16 
12 
16 
12 


.100 
.133 
.167 
.200 
.240 
.233 
.280 


Roofs   (allowing  one  extra  joist  per  square  for  cutting, 
etc.)— 

set  16  in.  O.  C 67  ft 


2x4  in. 

2x4  " 

2x4  " 

2x6  " 

2x6  " 

2x6  " 

2x8  " 

2x8  " 

2x8  " 


20 

«< 

«■ 

If 

24 

«< 

i< 

« 

16 

II 

<i 

i« 

20 

« 

ii 

« 

24 

" 

it 

4t 

16 

«< 
« 

■1 
«( 

<l 

24 


.  53 
.  47 
.100 
.  80 
.  70 
.133 
.107 
.  93 


CARPENTRY  157 

TABLE  XV 

Number  of  Feet  Board  Measure  Required  per  Square,  Allow* 
ing  for  Matching,  etc. 

8      in.  shlplap    116  ft 

10      "        "         ; 125    " 

2%  "  face  matched  flooring 133   " 

3%  "      •*  "  "       125   " 

5%  ••      "  "  •'       120   " 

6      •*  beveled  siding 120   " 

4      "         "  "      133    •• 

6      "  drop  "      • 120   " 

8      "  novelty       "     116  " 

TABLE  XVI 

Number  of  Shingles  and  Lath  Required  per  Square 

Shingles  laid  4      In.  to  weather 1,000  per  square 

4%    "    "        "        .......    900    "        ** 

"  5        "    "        "        ......    800    "        " 

Lath,  per  sq.  yd 14 

Per  100  sq.  yds •. 1,400 

ESTIMATING  QUANTITIES  OF  NAILS 

Table  XVTI  will  give  the  number  of  wire  n^ls  in  pounds 
for  various  kinds  of  lumber,  per  thousand  feet  board  meas- 
ure, allowance  being  made  for  loss  of  covering  surface  due 
to  lap  or  matching  of  material.  The  sizes  given  are  as  rated 
on  the  market. 

If  cut  nails  are  used,  add  %  to  the  number  -of  nails  as 
shown  in  the  table. 

Table  XVII  is  based  on  the  nse  of  lumber  cut  to  an  average 
length  of  12  ft,  except  in  the  case  of  %-in.  flooring,  which  is 
based  on  an  average  length  of  6  ft 

Shingles,  per  1,000,  require  3%  pounds  of  3d,  or  5  pound? 
of  4d  nails. 

Lath,  ordinary,  per  1,000,  studding  spaced  12-in.  centers, 
10  pounds  of  3d  common  wire  nails.  Studding  spaced  16-in. 
centers,  8  pounds  of  3d  common  wire  nails. 

Bridging,  per  set  for  2x10  Joists  spaced  16-in.  centers  and 
8  nails  per  set,  will  require  26  pounds  of  8d  common,  or  38 
pounds  of  lOd  common  wire  nails  per  1,000  linear  ft  of  bridg- 
ing. 

Purring,  1x2,  will  require  10  pounds  of  lOd  nails,  or  7 
pounds  of  8d  nails,  per  1,000  ft  of  length. 
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TABLE  XVII 
Weight  of  Wire  Nails  Needed  per  1,000  Feet  of  Lumber 


Distanoe 
Apart  of 

Studding 

Number 

Siieof 

Pounds 

Siseof 

Pounds 

Kind  of 

of  Nails  to 

NaU 

of 

NaU 

of 

Material 

Nailing 
8l>aoe 

in 
Inches 

Each 

Board 

each  NaU- 

ing  Space 

Nall^ 

Naito 

1x4 

12 

2 

Sdoom. 

67 

lOdoom. 

84 

1x4 

16 

2 

8     " 

43 

10  •• 

65 

1x4 

24 

2 

8     " 

30 

10   " 

45 

1x6 

12 

2 

8     " 

38 

10     " 

56 

1x6 

16 

2 

8     " 

29 

10     " 

43 

1x6 

24 

2 

8     " 

20 

10     " 

30 

1x8 

12 

2 

8     " 

28 

10     " 

42 

1x8 

16 

2 

8      " 

22 

10      " 

32 

lx« 

24 

2 

8      " 

15 

10    •• 

23 

1x10 

12 

2 

8      " 

23 

10    •" 

34 

1x10 

16 

2 

8    -• 

17 

10     " 

26 

1x10 

12 

3 

8      " 

34 

10     " 

61 

1x10 

16 

3 

8      " 

26 

10     " 

39 

1x10 

24 

3 

8      " 

18 

10     " 

27 

1x12 

16 

3 

8      " 

22 

10     " 

32 

1x12 

24 

3 

8      " 

15 

10      " 

23 

2x6 

16 

2 

20dcom. 

54 

SOdoom. 

75 

2x6 

24 

2 

20      " 

37 

30     *• 

53 

2x8 

24 

2 

20     " 

28 

30     " 

40 

2x10 

24 

3 

20      " 

34 

30     " 

48 

2x12 

24 

3 

20      " 

28 

30     " 

40 

8x6 

24 

2 

40dcom. 

45 

60doom. 

70 

3x8 

24 

2 

40     " 

34 

60      " 

52 

3x10 

24 

3 

40      " 

41 

60      " 

63 

8x12 

24 

3 

40      " 

35 

60      " 

54 

BhiplaR.    Ig  • 

12 

2 

8doom. 

32 

lOdoom. 

47 

16 

2 

8      " 

25 

10     " 

36 

••      "     1x8 

24 

2 

8     •• 

17 

10     " 

26 

-      "     1x10 

12 

2 

8     " 

25 

10     " 

37 

"      "      1x10 

16 

2 

8      •• 

19 

10     " 

29 

"      "      1x10 

24 

2 

8      " 

13 

10     " 

20 

"      "      1x10 

12 

3 

8      " 

37 

10     " 

56 

"      ••      1x10 

16 

3 

8      " 

29 

10     •• 

43 

"       •      1x10 

24 

3 

8      " 

20 

10     " 

30 

«      ••      1x12 

12 

3 

8     " 

80 

10    '• 

46 

••      "      1x12 

16 

8 

8     " 

24 

10    •• 

35 

"      "      1x12 

24 

8 

8     " 

16 

10     " 

25 

Flooring.  gx2H 

12 

1 

4dfin. 

9 

5d  fin* 

18 

12 

1 

6dflg. 

16 

8dflg. 

27 

lis 

16 

1 

6dflg. 

12 

8dflg. 

81 

1x3 

12 

1 

6d  <&oiu« 

28 

Sdcom. 

60 

1x3 

16 

1 

6      " 

21 

8     " 

89 

1x4 
1x4 

12 
16 

1 
1 

r% 

11 
9 

Mfl,. 

19 
18 

1x4 

12 

1 

vu  ooin> 

19 

Sdoom. 

85 
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lyiatance 

Apart  of 
Joist,  or 

Number 

sue  of 

Pounds 

Biseof 

Pounds 

Kind  of 

Studding 

of  Nails  to 

NaU 

of 

NaU 

of 

Material 

Nailing 

Each 

Nails 

Nails 

8^ 

Board 
each  NaU- 

Inches 

ing  Qpskce 

Roorins 

1x4 

16 

6  com. 

15 

Scorn. 

27 

-•  «,*'"• 

1x6 

12 

6     *• 

12 

8     " 

23 

M 

Ixd 

16 

6     " 

10 

8     " 

18 

It 

1x6 

24 

6     " 

7 

8     •• 

12 

i4 

1x6 

12 

6      " 

24 

8     " 

46 

•• 

1x6 

16 

6     " 

20 

8      •• 

36 

•• 

1x6 

24 

2 

6      " 

14 

8      " 

24 

M 

1x8 

12 

2 

Sdoom. 

32 

lOdoom. 

47 

•• 

1x8 

16 

2 

8      " 

25 

10      " 

36 

M 

1x8 

24 

2 
1 

8     " 

17 

10     " 

26 

Gbflins. 

a^^ 

24 

Sdfin. 

4 

6dfin. 

6 

{x6 

24 

6      •• 

3 

6     " 

4 

M 

|2x4 

24 

6dfin. 

6 

Sdfin. 

10 

•• 

'>|x6 

24 

6      •• 

4 

8      " 

6 

M 

K«6 

24 

6dcom. 

7 

8dcom. 

12 

Skims. 

H«* 

16 

6d  com. 

15 

Sdfin. 

15 

^^V.*' 

y  ix6 

16 

6      " 

10 

8      " 

10 

•• 

Hx4 

16 

6dfin. 

9 

7dfin. 

10 

M 

Hx6 

16 

6      " 

6 

7      •• 

7 

Framing  studding  will  require  15  pounds  of  lOd,  and  6 
pounds  of  20d  nails,  per  1,000  ft  of  studding. 

Framing  Joists  will  require  approximately  the  following 
amounts  of  20d  nails  per  1,000  feet: 

Frame  buildings,  16-in.  centers 15  lbs. 

12-in.        "      20    " 

Brick  "  16-in.        -      10    " 

"  12-in.        "       12    •• 

Finish,  %-ln.,  will  require  about  20  pounds  of  8d  fin. 
nails  per  1,000  feet,  while  1%-in.  will  require  30  pounds  of 
lOd  fin,  nails  per  1,000  feet 

Clapboards  will  require  about  18  pounds  of  6d  box  nails 
per  1,000  f^et 

Table  XVin  gives  the  approximate  length  and  gauge  num- 
ber,^  as  well  as  the  approximate  number  per  pound,  for  stand- 
ard steel  wire  nails. 


SATISFACTORY  METHODS  OF  TAKINQ-OFF  QUANTITIES 

Some  useful  hints  as  to  taking  off  quantities  from  plans 
were  given  by  Mr.  James  Young  in  an  address  before  the 
Carpenter  Contractors'  Association,  of  Cleveland,  Ohio.  The 
system  followed  by  Mr.  Young  is  of  much  interest,  and  is 
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TABLE  XVMi 

Standard  Steel  Wire  Nails 

Approximate  Size    Approximate 
Description.  of  Wire  Nails.    No.  to  the  Pound. 

3d  fine   1%  in.  No.  16  920 

8d  common 1%  "     "    14%  615 

4d         "         1%  "     "    13  322 

6d         "         2  "     "    12  200 

8d         "         2%  "     "     10%  106 

lOd       "         3  "     "      9%  74 

12d       "         3%  «     "      9  57 

16d       "         3%  "     "      8  46 

20d      "           4  "     "      6  29 

30d       "         4%  "     «      6  23 

6d  casing   2  "     "    13  260 

8d         "    ^ 2%  ••     "    13  16J 

lOd       "       3  "     "11  108 

4d  finish   1%  "     "    16  767 

6d       "        2  "     "    14  359 

8d       "        2%  "     "13  214 

lOd     "       3  "     "    12  134 

3d   shingle    1%  "     "    13  429 

6d  flooring   2  "     "    11  151 

8d         "         2%  ••     "    10  98 

lOd       "         ..,. 3  "     "      9  66 

4d  box   1%  "     "    15  550 

6d     "     2  "     "    13  250 

worthy  of  consideration.     The  suggestions  were  in  part  as 
follows: 

"The  first  thing  I  do  when  figuring  a  Job,  is  to  give  a 
general  glance  over  the  plans,  elevations,  and  speclfloations. 
Then  I  turn  to  the  basement  plan,  and  take  off  the  number 
of  linear  feet  of  girder  and  its  size,  whatever  it  may  be; 
posts,  if  any;  and  these  follow  the  date,  name  of  architect, 
and  owner,  as  my  first  entries.  Then,  turning  to  the  first- 
floor  plan,  I  take  the  amount  of  sill  in  linear  feet,  making, 
an  entry  of  that,  and  how  the  sill  is  composed.  I  take  that 
measurement  accurately,  measuring  the  plan  at  Its  longest 
and  widest  square  projection;  thus,  should  the  length  be 
58  ft.  and  the  width  42  ft.,  we  have  116  ft.  and  84  ft,  making 
the  girth  200  ft  If  there  are  any  bays,  I  add  3  ft  for  each 
1)ay. 

"We  have  now  not  only  the  linear  measurement  for  Bill, 
but  also  for  studding,  sheathing,  etc    Then  I  take  the  su- 
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perflclal  area  of  the  first  floor  for  joisting,  making  the  entry 
at  whatever  it  may  measure.  For  Instance,  first  floor  '1,950, 
2  by  10  by  16  by  19,'  thus  indicating  the  number  of  square 
feet  to  be  joisted,  the  size  of  the  Joist,  the  spacing,  and  the 
average  length. 

"I  then  turn  to  the  second  floor  and  do  the  same,  making 
the  same  kind  of  entry,  usually  with  some  additions.  For 
Instance,  there  may  be  some  bays  or  projections,  which  are 
only  one  story  high,  with  girders  running  across  at  these 
openings.  1  take  the  amount  of  such  girders  and  the  size 
of  bays  or  projections  which  stop  at  first  floor,  because,  if 
they  are  not  covered  by  the  second-story  joists,  they  must 
have  ceiling  Joists.  Then  there  may  be  one  or  more  pro- 
jections thrown  out  on  the  second  floor,  which  are  packed 
with  mineral  wool  or  otherwise  treated.  In  addition,  then, 
to  the  mere  entry  of  Joists  for  the  second  floor,  I  may  have 
entries  like  these:  '36  feet  6  by  10  girder,  115  celling  joists, 
130  feet  4  inches  wooL'  The  fact  of  the  entry  of  the  wool 
carries  with  it  the  furring  and  sub-floors  necessitated  by  its 
Introduction.  There  may  still  remain  other  features  on  the 
second  floor  to  be  taken  care  of.  The  flrst  floor  may  have  a 
large  living  room,  over  which  the  Joists  are  2  in.  wider  than 
the  balance  of  the  house  and  set  at  12-in.  centers.  I  take 
the  size  of  that  room,  and  make  an  entry  like  this:  'extra 
on  24  by  32,  2  by  12,  12,'  indicating  that  a  portion  of  the 
second  floor  will  have  Joist  2  by  12  set  at  12-ln.  centers  and 
24  ft  long. 

"Having  thus  taken  care  of  the  second  floor,  I  then  turn 
to  the  third  floor  or  attic,  and  take  the  ^measurement, 
of  it  From  the  attic  floor,  I  take  the  measurement  of  the 
roof  and  ceiling  Joists  or  collar-beams.  Unless  it  is  an  ab- 
solutely plain,  straight  roof,  I  never  measure  it  ofP  the  ele- 
vations, because  I  think  I  can  measure  a  roof  that  is  pretty 
well  cut  up  much  more  accurately  from  the  roof  plan,  and 
that  in  a  fraction  of  the  time  required  to  measure  each  and 
«very  section  or  portion  of  roof  as  shown  on  the  elevations. 
In  the  former  case,  I  know  that  I  have  got  full  quantity  of 
roof,  while  I  might  be  doubtful  if  using  the  latter  method. 

"No  matter  at  what  pitch  a  roof  is,  it  must  bear  some 
definite  relation  to  the  amount  of  plan  area  to  be  covered. 
The  only  thing  necessary,  then,  is  to.  find  the  various  pro- 
portional relations  that  different  pitches  bear  per  square 
to  the  plan  per  square  to  be  covered.  Having  determined 
thatt  yon  decide  It  is  not  only  for  one  roof  but  for  all  time; 
yon  have  then  before  you  the  simplest  of  propositions,  and 
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one  that  can  be  absolutely  relied  upon.  But  this  does  not 
dismiss  the  matter  of  root  For  instance,  the  measurement 
of  your  attic  floor  for  Joist  does  not  go  beyond  your  plate 
line,  and  your  roof  does.  Then  again,  there  may  be  a  deck 
16  by  20  ft  I  believe  it  is  better  to  make  the  entry  '16  by 
20  feet'  than  *deck  320/  because  the  former  entry  gives  not 
only  the  area  of  the  deck  but  also  the  amount  of  deck-plate, 
and  I  think  that  it  is  particularly  important  to  get  a  correct 
amount  of  the  material  that  goes  in  a  deck,  because  I  ques- 
ion  if  the  material  in  any  other  portion  of  a  building  costs 
as  much  to  put  in  place. 

"Having  a  deck,  then,  16  by  20  ft,  take  320  feet  off  from 
the  measurement  of  your  roof  plan,  and  you  have  the  amount 
on  which  to  apply  your  proportional  relation.  I  count  the 
number  of  dormers  in  a  roof,  and  allow  so  much  additional 
per  dormer,  determining  that  amount  at  the  time  according 
to  the  kind  of  roof  the  dormers  may  have.  One-half  of  the 
roof  plan  will  give  the  amount  of  space  required  for  collar 
beams,  I  believe,  as  accurately  as  it  can  be  obtained  in  any 
other  way,  and  there  can  surely  be  no  method  quicker. 

"I  then  measure  the  cornices.  The  main  cornice  I  meas- 
ure from  the  attic  plan,  as  it  can  be  measured  as  accurately 
there,  and  more  quickly  than  by  taking  it  from  four  eleva- 
tions. I  usually  make  a  price  per  foot  on  the  cornice  at 
that  time,  embracing  that  portion  of  roof  which  it  takes  to 
cover  it.  The  gable  cornice  I  measure  from  the  elevations, 
also  making  a  price  per  foot  on  it  Then  I  take  the  amount 
of  dormer  cqmice.  I  also  take  the  number  of  feet  of  hip 
for  cant  boards  or  hip  shingles,  as  the  case  may  be. 

"I  then  turn  to  the  walls.  I  already  have  the  girth  of  the 
first  floor.  I  take  the  girth. of  the  second  floor;  and  taking 
the  mean  between  the  two  gives  the  girth  for  the  total  height 
My  entry  would  be  thus:  '200  feet  of  2  by  5  by  22  stud  and 
sheathing.'  I  then  take  the  final  covering,  whatever  It  may 
be — siding,  shingles,  or  timber  work.  If  siding  is  used,  I  run 
my  eye  over  the  numbers  of  comers  on  the  first  and  second 
floors,  add  them  together,  multiply  by  half  the  height,  and 
I  have  the  number  of  feet  of  comer-boards  or  mitered  cor- 
ner, as  the  case  may  be.  I  then  measure  the  gables  and  dor- 
mers. I  usually  put  higher  price  on  gables  and  dormers  than 
I  do  on  the  walls,  because  there  is  more  waste  and  the  work 
is  slower. 

"I  then  take  water-table  belting,  if  any,  brackets,  etc.  I 
think  it  is  well  to  put  a  price  on  these  at  th,e  time,  because 
it  Is  dif&cult  to  make  a  note  of  them  In  such  a  way  as  to 
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indicate  their  value.  At^this  stage  I  go  back  to  the  attic 
plan,  making  the  entry  'attic'  If  a  subfloor  is  used,  I  simply 
make  the  entry  'sub,'  if  it  is  laid  straight;  I  follow  the  word 
"sub*  by  the  abbreviation  'diag.*  if  the  floor  is  laid  diagonally. 

'1  then  measure  the  amount  of  finished  floor,  which  is 
usually  considerably  less  than  the  floor  surface  of  the  build- 
ing, because  the  attic  is  usually  studded  in  from  the  plate 
line.  Then  I  take  the  number  of  linear  feet  of  partition;  the 
number  of  feet  of  base;  the  number  of  doors,  height,  style, 
and  thickness;  the  number  of  windows  to  be  cased;  the 
number  of  closets,  and  how  treated;  the  number  of  feet  of 
cupboards;  and  whatever  else  appears  on  the  first-floor  plan. 

'1  then  take  the  second  floor  in  much  the  same  way,  the 
subfloor,  the  flnished  floor,  paper,  furring,  wool,  if  any  of 
these  are  called  for.  If  bathrooms  are  marked  'tile,'  I  make 
an  entry  of  so  many  feet  of  tile  extra,  because  it  costs  con- 
siderably more  to  cut  in  floors  between  joists,  fltting  around 
pipes,  than  it  does  to  lay  it  on  top. 

"In  measuring  partitions,  I  always  measure  those  run- 
ning one  way  of  the  building  flrst,  then  measure  those  run- 
ning the  opposite  way.  I  think  one  is  more  apt  to  get  a  cor- 
rect measurement  by  so  doing  than  if  he  tries  to  measure 
them  irrespective  of  the  way  they  run. 

"Then  I  take  the  number  of  doors,  window  sides,  closets 
plain,  closets  with  drawers,  the  number  of  feet  of  cupboard, 
the  number  of  mantels,  medicine  cases,  towel  closets,  and 
i^hatever  else  may  appear  on  the  second-floor  plan. 

"If  there  is  a  room  in  hardwood,  I  take  that  by  itself.  If 
the  hall  is  hardwood.  I  shall  have  an  entry  extra  on  8  ve- 
neered doors,  hall';  that  implies  that  there  must  be  jambs 
with  hardwood  edges  and  hardwood  flnish  on  one  side;  and 
then  so  many  feet  of  hardwood  base.  I  usually  measure  the 
hall  by  itself,  in  any  case,  because  not  infrequently  it  has  a 
wood  cornice,  and  you  may  not  know  whether  it  has  or  not 
imtil  you  are  studying  the  three^iuarter  scale  drawings. 

"The  flrst  floor  I  treat  somewhat  differently.  One  very 
serious  drawback  to  taking  off  quantities  of  interior  work 
of  the  flrst  floor  is  due  to  the  fact  that  in  many  cases  there 
is  only  one  set  of  three-quarter  scale  interior  drawings,  and 
they  are  kept  in  the  ofllce,  so  that  it  is  Impossible  to  take 
off  the  work  of  any  room  intelligently. 

"F6r  a  number  of  years,  unless  the  three^uarter  scale 
drawings  accompany  the  plans,  I  have  adopted  the  following 
method:  After  taking  the  partitions  and  floors,  I  take  each 
room  by  itself,  because  the  style  of  finish  may  differ  very 
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materially  in  the  different  rooms. «  An'opiening  in  one  rogm 
may  be  cased  for  three  or  four  dollars,  while  that  of  another 
may  be  worth  ten  dollars  or  more. 

"My  entries  for  these  rooms,  then,  are  as  follows:  liv- 
ing room,  birch,  3  door  sides,  5  window  sides,  70  ft  base  or 
wainscot,  110  ft.  picture  mold  or  cornice.  Id  ft.  of  alcoTO 
beam,  2  comer  pilasters,  manteL' 

"I  take  off  each  of  the  rooms  and  halls  in  this  way,  leav- 
ing two  or  three  blank  lines  in  my  book  between  each  room 
for  the  insertion  of  anything  that  appears  on  the  Interior 
drawings  but  not  shown  on  the  plans. 

"Kitchens,  pantries,  store  rooms,  servants*  dining  room, 
and  rear  halls,  I  group  the  same  as  on  the  second,  floor,  as 
invariably  these  are  all  of  some  one  style.  Then  I  take  the 
number  of  feet  of  cupboards,  and  any  other  Incidentals  that 
may  appear  to  be  called  for. 

"I  then  take  off  the  stairs.  Rear  stairs  from  basement 
to  attic,  I  usually  put  a  value  upon  as  I  look  at  them  on  the 
plans.  The  main  stairs  I  usually  make  a  diagram  of  as  to 
position  of  the  newel,  the  start  of  the  rail,  the  shape  of  the 
first  two  or  three  risers,  the  width  of  the  stair,  number  of 
landing  posts,  the  number  of  feet  of  level  rail,  which,  of 
course,  includes  the  well-hole  casing.  The  raking  rail  will 
run  about  a  foot  to  the  tread.  I  make  the  price  after  seeing 
the  style  on  which  the  stairs  are  built  I  rarely  ever  lump 
a  main  stairs  at  so  much.  I  figure  a  stair  itself  at  so  much 
per  step,  according  to  its  design  and  the  wood  of  which  it  is 
built;  so  much  for  the  newel  and  each  of  the  landing  posts; 
so  much  per  foot  of  rail;  and  so  much  additional  for  each 
ramp  or  casing. 

"After  taking  off  the  doors  on  the  first  floor  and  whatr 
ever  work  there  is  in  the  basement,  I  am  done  with  the 
plans,  so  far  as  the  interior  work  is  concerned.  I  then  turn 
to  the  elevations  and  take  off  the  window-frames.  While  I 
already  have  the  number,  that  does  not  enable  me  to  make  a 
price  upon  them,  as  their  value  may  vary  materially.  This 
is  my  method,  taking  each  elevation  consecutively:  I  put 
down  on  my  pad  the  number  of  common  double-hung  win- 
dows, and  then  look  at  those  which  are  special;  and  on  them 
I  put  a  value.  The  entry  in  my  book  then  will  be  like  this: 
'40  common  windows,  specials,  |216.' 

"The  only  thing  that  is  now  left  is  porches  and  roofb 
and  cornices  of  bays  and  balconies.  Porches  I  take  by  the 
square  foot — so  man^  feet  of  floor  and  ceiling,  so  many  feet 
of  roof,  so  many  linear    feet    of   beams    and    cornice,    so 
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many  posts*  so  many  feet  of  rail,  so  many  feet  of  lattice. 
Bay  roofs  and  cornice  I  measure  in  with  porch  roofs  and 
cornice,  as  they  generally  are  of  the  same  style  and  ralue. 
Balconies  I  take  off  as  they  may  appear. 

"Having  now  completed  taking  off  my  quantities,  my  one 
object  is  to  get  the  amount  of  surface  I  have  to  cover  on 
the  exterior,  and  the  nature  of  that  covering;  and  in  the 
Interior,  to  get  the  quantity  and  kind  of  the  various  items 
that  go  to  make  the  complete  whole.  After  having  done  this, 
I  read  over  the  specifications  carefully  to  see  whether  or 
not  there  may  be  something  which  I  have  overlooked  in  the 
more  general  reading  at  first. 

**!  have  described  the  taking-off  of  quantities  of  a  frame 
residence;  taking  off  the  quantities  of  a  brick  residence  does 
not  vary  materially,  although  there  is  not  so  much  to  take 
off.  There  is  one  item  which  I  always  make  an  entry  of  on 
a  brick  residence  which  I  do  not  make  on  a  frame  residence; 
and  that  is  scaffolding. 

MILLWORK 

The  term  ml  1 1  work  is  often  used  to  Include  all  material 
such  as  doors,  door-frames,  sash  and  window  frames,  tran- 
soms, moldings  of  various  kinds,  columns,  capitals,  cupboards, 
thresholds,  stairs,  hand-rails,  newels,  balusters,  spindles, 
grills,  mantels,  consoles,  chair  and  plate  rails,  wainscoting, 
base,  screens,  weather  strips,  etc.  The  prices  of  these  va- 
rious materials  vary  to  so  great  an  extent  in  different  local- 
ities that  it  would  be  impossible  to  give  any  price  list  which 
would  be  of  practical  service  in  all  instances.'^  It  is  better 
for  a  contractor  to  make  a  list  of  the  materials  needed,  and 
submit  same  to  some  dealer  in  mlllwork  for  an  estimate  on 
same.  It  would  be  well  for  a  contractor  to  examine  a  cata- 
logue containing  descriptions  of  various  types  of  millwork,  in 
order  to  choose  the  type  best  suited  in  a  given  case.  The 
price  of  millwork  also  varies  with  the  quality  of  materials 
used  in  its  construction,  and  the  amount  of  decoration  and 
type  of  finish  used. 

Labor  quantities  necessary  in  placing  certain  types  of 
millwork  will  be  found  in  the  section  devoted  to  Labor. 

Doors 

Doors  may  be  obtained  in  stock  sizes  varying  from  2  to  3 

ft  in  width,  and  from  6  ft  6  in.  to  7  ft  in  height,  and  in 

1^,  1%,  and  1%  in.  in  thickness.    Doors  1%  in.  thick  are 

commonly  osed  for  closets,  while  the  1%-in.  are  generally 
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used  for  all  inside  doors  less  than  3  ft.  in  width  and  7  ft  In 
height  Outside  doors  and  doors  3  ft  or  oyer  In  width  and  7 
ft.  in  height,  should  be  1%,  in.  thick. 

WIndow-Sash 

Sash  are  listed  in  stock  thicknesses  of  1%,  1%,  and  1% 
in.  The  lighter  tsrpes  of  sash  are  used  in  unimportant  places 
or  for  small  windows,  while  the  1%-in.  thickness  is  used  in 
small  residence  work.  Common  sash  are  made  In  stock  sizes 
which  will  suit  almost  any  purpose,  and  which  are  deter- 
mined by  the  regular  sizes  of  glass  used.  In  reference  to  a 
given  sash,  it  is  called  a  2,  4  or  8-light  sash  according  to 
the  number  of  lights  of  glass  used.  Sash  are  also  referred 
to  as  "single"  or  "double"  when  used  in  a  window.  Single 
sash  should  be  referred  to  as  so  many  lights  of  glassLof  a 
certain  size,  giving  the  size  of  the  glass  and  the  size  of  the 
outside  of  the  sash  in  order  to  make  the  description  clear.. 

In  ordering  sash  and  doors,  dimensions  should  be  given 
in  the  order  of  width,  length,  and  thickness  of  member.  It 
is  well,  in  ordering  sash,  to  specify  whether  single-strength 
or  double-strength  glass  is  to  be  used. 

Sash  and  doors  may  be  Rhlpped  open  or  glazed  as  desired, 
but  it  is  generally  cheaper  to  have  all  glazing  done  at  the 
mill. 

Measuring   Interiors  for   Millwork 

In  order  to  measure  up  millwork  for  interiors  with  any 
degree  of  accuracy,  it  is  necessary  that  some  definitely  out- 
lined plan  be  followed.  The  following  scheme  of  taking  meas- 
urements applied  to  the  interior  of  an  ordinary  house  three 
stories  in  height  will  be  of  service  in  this  connection: 

Top  Floor.  First,  go  to  the  top  floor,  which  is  the  third 
in  this  instance,  and  start  by  taking  the  measurements  of 
all  the  windows.  The  handiest  and  quickest  method  is  to 
take  the  sash  sizes.  Having  this,  and  knowing  the  con- 
struction of  the  frames  furnished,  there  is  a  good  basis 
to  work  on.  In  this  case  there  might  be  one  twin  box 
frame,  2  ft.  5  in.  by  4  ft.  6  in.,  one  %  in.  jamb,  1-in.  center; 
one  box  frame,  2  ft  9  in.  by  6  ft  2  in.,  1^-in.;  one  skeleton 
window-frame  2  ft  7  in.  by  5  ft  2  in.,  3%-in.  seat 

After  having  taken  all  the  windows^  proceed  by  taking 
the  door  sizes  next  There  may  be  an  opening  of  2  ft.  10 
in.  by  6  ft  10  in.  between  the  rough  studs.  This  would 
mean  a  door  of  2  ft.  8  in.  by  6  ft  8  in.  A  stud,  which  may 
be  3  in.,  would  need  a  jamb  of  4%  in.  Whatever  the  size  of 
the  rough  opening  is,  make  the   door  2  in.   less,  and  the 
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jamb  1%  in.  wider  in  size,  than  the  rough  stud.  Where 
plaster-boards  are  used»  this  would  be  too  wide;  but  in  such 
a  case  the  right  allowance  for  the  Jamb  would  be  made  by 
determining  the  thickness  of  the  wall  finish.  If  the  open- 
ing for  the  door  is  irregular  in  width — ^as  for  example,  2 
ft  9  in. — then  it  is  advisable  to  mark  the  studs  with  the 
correct  size  of  the  door  which  is  to  be  furnished,  so  that 
there  will  be  no  mistake  made  by  the  carpenter  when  plac- 
ing the  jambs. 

When  taking  the  size  of  closet  doors,  make  note  of  this 
fact,  since  in  most  cases  closet  doors  are  only  1%  in.  thick, 
while  others  will  probably  be  1%  in.  The  trim  on  closet 
doors  should  be  noted,  since  it  is  frequently  different  from 
the  inside  in  cases  where  there  is  a  cabinet  head  finish  on 
the  outside.  Also  measure  the  openings  for  switchboz  doors, 
which  are  usually  made  the  inside  size  of  the  box. 

After  taking  doors,  measure  up  the  baseboards  or  base, 
taking  closets  separately,  since  in  most  cases  they  are  dif- 
ferent 

Next  take  the  base  blocks,  if  any  are  needed.  Then  cor- 
ner-beads, stating  how* long,  for  some  comers  will  not  allow 
of  a  regular  4-ft.  stock  head  being  used.  Sometimes  it 
happens  that  the  comer  is  not  at  right  angles,  which  must 
be  stated,  and  the  correct  angle  noted. 

In  most  cases  there  is  a  plaster  railing  inclosing  the 
staircase  on  the  top  fioor.  If  this  wall  is  4  in.  thick,  furnish 
a  cap  5%-in.  wide,  nosed  on  both  edges,  calculating  a  piece 
of  molding  the  same  kind  as  the  base  cap  on  each  side 
of  and  under  this  nosed  cap.  These  moldings  should  miter 
into  the  base  cap. 

Next  measure  the  closets  for  shelving  and  hook-rail. 

Then  take  steps  and  risers,  nosing,  and  strings  for  the 
stairs  leading  down  to  the  second  floor.  These  are  usually 
the  box  kind;    also  measure   the  wall  raiL 

Second  Floor.  Proceed  with  the  second  fioor  in  the  same 
manner  as  described  above.  It  often  happens  that  this  floor 
has  difTerent  kinds  of  wood  in  the  different  rooms,  the  front 
room  being  oak  or  chestnut,  the  bedrooms  cypress  or  pine, 
and  the  bathroom  poplar.  It  is  advisable  to  mark  on  the 
plans  the  various  kinds  of  finish  to  be  used  in  the  different 
rooms,  so  that  there  will  not  be  so  much  chance  of  making 
mistakes.  If  there  is  a  bay.  window  on  this  floor,  take  note 
of  the  width  of  the  space  between  the  frames  at  the  angles, 
for  in  many  cases  the  regular  trim  is  not  wide  enough, 
and  a  special  trim  must  be  made  for  these  angles,    li  there 
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l8  a  window  seat  in  this  room,  correct  measurement  must 
be  taken  of  all  angles,  length,  and  depth,  so  that  the  seat 
will   fit   when   sent   to   the  job. 

First  Floor.  The  first  fioor  is  usually  the  hardest  to  meas- 
ure up.  Often  there  is  a  colonnade  which  Joins  into  the 
staircase,  therefore  making  accurate  measurements  neces- 
sary. If  there  is  a  paneled  wainscot  in  the  dining  room, 
great  care  will  have  to  be  taken,  or  the  panels  will  not 
fit.  A  circular  bay  window  may  also  give  trouble  on  this 
floor.  If  there  is  a  paneled  base  or  box  seat,  accurate 
measurement  will  be  needed  in  this  instance  also.  A  definite 
plan  should  be  used  in  taking  measurements  of  this  kind 
before   proceeding. 

The  staircase  may  require  the  making  of  sketches  In 
order  to  take  down  the  scheme  so  that  the  stair  man  can 
readily  understand  what  is  meant.  The  one  making  meas> 
urements  should  be  able  to  make  a  fairly  good  sketch; 
either  with  instruments  or  freehand,  since  he  is  often  re- 
quired to  sketch  outlines  of  some  ornamental  work  that 
has  many  curved  lines  and  moldings  which  must  be  dupli- 
cated exactly.  * 

The  data  should  be  explicit  in  every  respect,  so  that  the 
man  who  writes  out  the  cutting  list  for  the  mill  can  under- 
stand it  thoroughly  without  asking  a  lot  of  questions  in 
regard  to  details. 

The  plans  and  specifications  for  a  job  should  be  studied 
carefully  before  proceeding  to  take  off  interior  quantities.  In 
many  cases,  there  are  some  changes  made,  either  in  the 
plans  or  in  the  specifications,  which  should  be  noted  in  the 
estimate  or  contract  This  sheet  of  "extras"  should  be  taken 
along  with  the  plans,  and  a  note  made  to  see  that  there 
are  no  extras  put  into  the  Job  without  being  noted  on  the 
slips  containing  the  measurements. 

A  handy  book  to  use  in  taking  down  quantities  is  one 
having  loose  leaves  that  can  be  removed  and  placed  on  file 
upon  completion  of  the  measurements.  Sheets  about  6  by 
7  in.,  and  section-ruled  are  convenient  in  making  sketches, 
and  especially  in  taking  measurements  for  staircases.  A 
4-ft  rule  and  steel  tape  will  prove  useful  in  ordinary  work. 

BILL   OF    MATERIALS 

In  order  to  form  an  Intelligent  estimate  of  the  amount 
of  materials  needed  for  a  piece  of  work,  the  plans  and 
specifications  must  be  carefully  examined,  and  an  itemized 
list  made  of  the  differpnt  materials  going  into  the  structure. 
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Fig.  6.    Bill  of  Materials  for  Frame  Dwelling. 
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An  example  of  a  bill  of  materials  used  in  connection 
with  the  frame  house  shown  in  Plate  I  and  Figs.  6  and  6,  is 
given.  This  house  was  built  of  white  pine,  with  inside  finish 
of  yellow  pine  stained  dark  oak.  The  first  floor  is  of  hard- 
wood, with  the  exception  of  the  kitchen.  The  cost  of  this 
house  was  |2,200-^r  $1,900,  exclusive  of  heating,  lighting,  and 
bath.    Following  is  a  complete  bill  of  all  the  material  used: 

Timber,   Lumber,   Lath,  etc. 


105—2x8x14  ft.  No.  1  pina 
12—2x8x16  ft.  No.  1  pine. 
115—2x4x16  ft  No.  1  pine. 
26—2x4x14  ft  No.  1  pine. 
20—2x6x14  ft  No.  1  pine. 
16&— 2x4x18  ft  No.  1  pine. 
85—2x4x12  ft  No.  1  pine. 
2—6x8x14  ft  No.  1  pine. 
2—2x6x16  ft  No.  1  pine. 
400  ft.   No.   1  common    pine 

S2S,    1x10x16. 
300  ft.  No.  1  common    pine, 
S2S.  1x6x16. 
5—1^x10x12  C  flnish. 
2— I%x8xl2  C  finish. 
3— I%x6xl2  C  finish. 
22 — 1x8x16  Sel.  common  S2S. 
2 — 1x12x14  Sel.  common  S2S. 
1 — ^1x12x16  Sel.  common  S2S. 
16 — 1x10x16  Sel.  common  S2S. 
5 — 1x6x16  Sel.  common   S2S. 
8 — 2x4x16  Sel.  common  S2S. 


1 — 2x6x16  SeL  common  S2S. 

5 — 1x4x16   Sel.  common  S2S. 

15  V&  M.  red  cedar  shingles. 

9^  M.  common  No.  1  lath. 

3,540  ft  No.  3  shiplap,  12- 
14-16. 

2,000  ft  No.  2  pine  sheathing* 
12x14. 

1,800  ft  flooring  maple,  oak, 
and  yellow  pine. 

200  ft  porch  flooring,  %x4xl4, 
fir. 

1,900  ft  4  in.  sugar  pine  lap 
siding. 

600  ft.  %  in.  yellow  pine  ceil- 
ing. 

253  ft  3%  in.  crown  molding. 
400  ft.  2%  in.  bed  molding. 
200  ft  %xl%  cove  molding. 
200  ft.  screen  molding. 
100  ft   %  quarter-mold. 


Window  and  Door  Frames 

4  window-frames,   2-10x5-2.  3  frames,  20x24,  2  light 
2   window-frames,  1-10x5-2. 

1  window-frame,  3-8x5-2.  ^  frame,  20x20.  2  Ught 

1  *'!l''f°''l^^r'  JL^^^^-     .o  2  outside  door-frames,  3x7. 

2  triple    window-frames,     18 

x20,  2  light  1  outside  door-fr&me,  2-8x6-& 
Windows 

6—18x20.  2-light  D.  S.  win-  1—40x28,  2-Ught  D.  8.  win- 
dows, dows. 

2—18x28,  2-Ught  D.  S.  win-  2—44x32,  1-Ught  D.  S.  win- 
dows, dows. 

1—26x20,    2-light   D.    8.    win-  4—30x28,   2-light   D.    a   Win* 

dows.  dows. 
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Fig.  8.    Bill  of  Materials  for  Frame  Dwelling. 
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3—20x24,   2-llght'D.    S.    win-         dows. 

dows.  4—12x16,    2-llght   D.    S.   win- 

1—20x20,    2-llght   D.    S.    win-         dows. 

Doors  and  Trim 


1  front  door,  3x7x1%,  bevel 

plate  glass  24x40. 
1  door,  3x7x1%. 

1  door,  2-8x7x1%. 

2  doors,  2-6x7x1%. 
2  doors,  2-4x7x1%. 

1  door,  2x7x1%. 

2  doors,  2-6x6-6x1%. 

3  doors,  2-4x6-6x1%. 
1  door,  2x6-6x1%. 

1   door,   2-8x6-8x1%. 
1   door,   5x7x1%. 
1  door-jamb,  8x7  ft 
1  door-jamb,  6x7  ft.  3  In. 
1  door-jamb,  5x7  ft.  5  In. 

1  door- jamb,  5x7  ft  5%  In. 

5  door-jambs,  2-8x7  ft.  5%  In. 

2  door-jambs,   2-6x6-6   ft.   5% 
In. 

428  ft  base  molding,  No.  8420. 
428  ft.  base.  No.  8421. 


428  ft  shore.  No.  8422. 
560  ft  casing.  No.  8310. 
280  ft  embossed  molding,  Na 

8413. 
204  ft  cap  molding,  No.  8410. 
180  ft  head  casing.  No.  8411. 
180  ft  fillet  No.  8395. 
50  base  blocks.  No.  2273. 
48  ft  window-stool,  No.  8267. 
72  ft.  window  aprop. 
456  ft  window-stop.  No.  8055. 
4  porch  columns,  8x8  ft.  No. 

1151. 
2  colonnade  posts,  5  ft  6  In. 


50  balusters,  l%x24  In.,  No. 

2151. 
1  l%x8  ft  yellow  pine. 

1  1x10  in.  X  16  ft  yellow  pine. 
'3  cupboard  doors,  1-8x4  ft 

2  cupboard  doors,  1-8x2-6. 


Foundation,  Plaster,  and  Chimney 

9  cords  stone.  11  bbls.  lime. 

96  cement  blocks.  ^  ^^^    ^^^^^^ 
47  sacks  plaster. 

8  yds.  sand.  1,100  brick. 


Hardware 


100  lbs.  10  d.  wire  nails. 
122  lbs.  8  d.  wire  nails. 
107  lbs.  20  d.  wire  nails. 
9  lbs.  6  d.  wire  nails. 
62  lbs.  3  d.  gal.  wire  nails. 
57  lbs.  3  d.  fin.  nails. 
12%  lbs.  10  d.  casing  nails. 
53  lbs.  8  d.  casing  nails. 
23  lbs.  8  d.  fin.  nails. 
25  lbs.  7  d.  box  nails. 
13  inside  door  lock  sets. 


1  single  slldlng-door  outfit,  5 

ft  opening. 
1  single  sUding-door  lock  set 
1  doz.  cupboard  catches. 
1  doz.'  sash-locks. 
1  doz.  drawer-pulls. 
18  prs.  door  butts,  3%x3%. 
1  doz.  fancy  box  hinges. 
3  doz.  window  springs. 
1  pr.  shelf  brackets,  8x10. 
1  pair  shelf  brackets,  10x12. 
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12  doz.  %  screws.  2  stovepipe  thimbles. 

2^  lbs.  1  in.  brads.  7  10  ft.  lengths  eaves  trough. 

27  ft  valley  tin,  14  In.  4  pieces  outlet 

32  window  tins.  6  end  caps. 

176  tin  shingles,  5x7.  8  eaves-trough  elbows. 

19  8-ft  lengths  ridge-roll.  3  dos.  eaves  hangers. 

50  wire  screen,  24  in.  5  pieces  conductor  pipe,  8  ft 

50  wire  screen,  32  in.  2  bundles  sash-cord. 

2  screen  doors,  3x7.  200  lbs.  window  weights. 

Painting  and  Oilfng 

2V&  lbs.  putty.  7  gal.  linseed  oil. 

1  lb.  steel  wool.  2  gal.  turpentine. 

15  sheets  sand  paper.  ^  ^    outside    white    paint. 

1  gal.  floor  oil.  ,            _   .  . 

1  gal.  floor  varnish.  P^^°^^  "^^  ^"^ 

3  gal.  interior  varnish.  4  gal.  yellow  stone  paint  for 

4  pints  burnt  turkey  umber.  body. 

Total  cost  of  labor,  including  stone  ^  work,  plastering* 
painting,  oiling,  carpenter,  and  excavating,  $500.00. 

COST  OF  FRAMING 

Table  XIX  shows  the  cost  of  framing  in  different  parts 
of  a  building,  and  states  the  amount  of  material  needed  for 
different  spacing  of  members.  The  quantities  and  costs 
given  are  on  the  basis  of  100  sq.  ft  of  surface  of  structure. 

Table  XIX  is  based  upon  labor  charges  at  40  cents  per 
hour,  or  a  cl^arge  of  18.00  per  1,000  ft  board  measure  for 
outside  walls,  ceilings,  and  floors;  |9.00  per  1,000  ft  for 
partitions  and  plain  roof  framing;  and  $10.00  per  1,000  ft 
for  complicated  roofs,  hips,  and  valleys. 

In  this  table,  no  allowance  is  made  .for  sills  and  girders 
in  the  framing  for  floors,  since  sills  and  girders  are  not 
always  required.  If  it  is  necessary  to  figure  for  them,  they 
can  be  readily  figured  by  the  linear  foot.  A  6  by  6-in.  tim- 
ber has  3  ft  board  measure  per  linear  foot;  a  6  by  8-in.,  4 
ft;  an  8  by  8-in.,  5%  ft;  and  the  number  of  linear  feet 
can  be  very  readily  found  from  any  plan.  Then  the  linear 
feet  of  the  timber,  multiplied  by  the  board  feet  per  foot, 
will  give  the  feet  board  measure  in  the  timber.  This,  mul- 
tiplied by  $8.00  per  1,000  feet,  will  give  the  cost  of  framing 
the  same. 

In  the  matter  of  partitions  and  outside  walls,  allowance 
has  been  made  for  plates,  for  it  is  always  necessary  to  have 
these.  Some  allowance  has  also  been  made  for  waste  in 
cutting. 
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In  flsmring  by  tliis  method,  if  one  has  the  lumber  bill 
made  out  so  that  he  knows  the  amount  of  lumber  to  be 
framed,  he  can  strike  an  average  price  per  1,000  feet,  and 
figure  the  cost  very  easily  and  quickly. 

Again,  if  the  contractor  does  not  care  to  take  off  the* 
number  of  board  feet  of  material,  he  can  measure  up  the 
number  of  squares  in  a  very  few  minutes,  and  ascertain 
the  cost  of  labor  by  the  square.  He  can  also  find  the  feet 
board  measure  by  the  square,  and,  from  this,  find  the  cost 
of  material  without  the  necessity  of  making  out  a  bill. 
This  method  will  be  found  handy  in  making  estimates. 

If  carefully  followed,  this  method  will  give  the  cost  ap- 
proximately correct  Then,  if  the  estimator  gets  the  job, 
he  can  make  out  the  bill  at  his  leisure,  for  the  bill  has 
to  be  made  out  for  the  lengths  of  lumber  called  for  by 
the  plan;  but  this  detail  is  not  necessary  to  determine  the 
cost  of  the  framing. 

TYPICAL   ESTIMATE   FOR  A   FRAME   HOUSE 

The  following  estimate  for  a  frame  house  is  given  as  an 
example  of  the  method  to  be  followed  in  arriving  at  the 
probable  cost  of  a  piece  of  work.  The  plans  of  the  building 
are  shown  in  Figs.  7  to  10. 

Specification 

A  brief  specification  for  this  design  includes  the  follow- 
ing: Foundation  walls  and  porch  piers,  up  to  level  of  first 
fioor  beams,  are  to  be  local  stone  18  in.  thick,  laid  up  in 
Portland  cement  mortar.  Cellar  fioor  to  be  2-in.  Portland 
cement  concrete. 

Chimney  to  be  brick,  lined  with  1-in.  fir^-clay  tile. 

Framing  timber  is  to  be  all  spruce,  as  follows:  Girders, 
8  by  12  in.;  sills,  4  by  6  in.;  studs  and  second  fioor  ceiling 
beams,  2  by  4  in.;  hips  and  ridge,  2  by  10  in.;  rafters,  2  by  6 
in.;  sheathing,  %  by  6  or  8  in.,  tongued-and-grooved  spruce; 
Biding,  from  water-table  to  belt-course,  6-in.  beveled  siding; 
shingles,  from  belt  to  roof,  csrpress  shingles;  fioors,  %  by 
3H  i^,  tongued-and-grooved  N.  G.  pine;  exterior  trim,  all 
cypress  (as  detailed) ;  interior  trim,  all  cypress  (as  detailed) ; 
dining-room  mantel,  to  be  Ck>lonial  brick. 

Plastering  to  be  good-grade  wall  plaster. 

House  to  be  heated  with  hot-air  furnace  having  separate 
pipe  to  each  room. 

Plumbing.  Bathroom  to  have  basin,  closet,  and  bath. 
EStchen  to  have  sink,  2-compartment  stone  tubs,  and  small 
ranga    All  fixtures  to  be  porcelain  enamel.     Boiler  to  be 
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Pigs.  8  and  9.    Estimate  on  Frame  House. 
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Fig.  10.    Estimate  on  Frame  House. 

35-gallon  galvanized  iroiL    Water  system  throoghout  to  be  of 
%4n.  galyanlzed  iron  pipe. 

Gas-Fitting.  House  to  be  piped  with  ^-in.  pipe,  with  out- 
let for  each  room  and  cellar. 

Metal  Work.  All  roof  shingles  to  be  metal  of  standard 
approved  make.  Gutters  to  be  galvanized-iron  troughs  with 
adjustable  hangers^  Leaders  to  be  3-in.  corrugated  galvanized 
iron. 

All  exterior  woodwork  (except  wood  shingles  and  soffits 
of  roof)  to  have  three  coats  of  paint.  Wood  shingles  to  be 
stained.  Soffits  of  roof  to  be  varnished  with  two  coats  ot 
spar  varnish.  Metal  shingle  roofs  to  have  two  coats  of  paint 
of  dark  tile  color. 

Estimate  of  Cost 
Excavation  Labor    Material        Both 

160  CO.  yds.  at  30c 946.00 

Footings 

(Concrete)  10  cu.  yds.;   Proper- 
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Labor    Material        Beth 
-  tion  1:2:4:  Bbls.  cement  in  1 

en.    yd.,    1% 13.00 

Bbls.  sand,  3 *.      .75 

Bbls.   gravel,   6 2.00 

Coat  of  1  cu.  yd $6.75  $57.50 

Labor,  at  $1.08  per  cu.  yd.  $10.80  $68.30 

Stonework — ^37  perches 

1   perch  stone $1.26 

H  bbl.  cement,  at  $2.00..     1.00  , 
1/6  load  sand,  at  $1.75 29 

Material  cost,  1  perch....  $2.64 

Material  cost,  37  perches $93.98 

%  day,  mason 1.83 

^  day  laborer,  at  $2.00..      .50 

Labor  cost  of  1  perch $2.33 

Labor  cost  of  37  perches $86.21  $180.19 

Biuestone — 

6  window-sills  4  ft  by  4  by  10 

in.,  at  60c  per  ft $12.00 

1  window-sill,  2  ft  by  4  by  10-in., 

at  60g  per  ft 1.20 

$13.20  $13.20 

Labor  setting,  at  10c  a  ft $2.20  $16.40 

Chimney  and  Fireplace — 
4,000  brick- 
Cost  of  labor,   $9.00  per  M....       $36.00    $39.32 
60,  ft  8  by  12  in.  flue  lining  at 

22c $2.00     $13.20 

Chimney-cap    $1.00       $6.00 

Colonial   brick  mantel $9.00     $20.00   $126.62 

Cellar  Floor— 

(Portland  cement  concrete)    56 
sq.  yds.,  at  60c $11.20     $22.40     $33.60 

Girder  Columne^ 

4  3-in.  concrete-filled    pipe    col- 
umns            $3.00       $6.40       $9.40 

Lathing  and  Plastering— 

6te  sq.  yds.,  at  40c $147.00     $88.00   $236.00 
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Sheet  Metal—  Labor    Material       Both 

105  ft  3-ln.  leader  at  15c.. $15.75 

5  elbows,  at  30c 1.50 

50  conductor  fasteners....     1.00 

136  ft,  «.  1.  gutter 24.00 

75  shanks  and  troughs....     4.00 
Nails   1.75 

147.95     130.00     147.96 

Flashing  , 15.00       $5.00 

Metal  shingles,  12.  sq.,  at 

15.00    $60.00 

130  ft  hip  and  ridge  roll, 

at  7c  , 9.10 

$69.10  $69.10 

Labor,  at  $2.25  per  sq $27.00 

Total  for  sheet  metal $184.05 

Heating — 

Steel  furnace  $50.00 

Piping,  cold-air  box,  and 
registers    40.00 

$90.00  $90.00 

Labor  $30.00  $120.00 

Plumbing  and  Qae-PIttIng— 

Gas  fixtures   $25.66 

1  2-section  stone  tub 25.00 

1  range  with  24'gal.  boiler.  60.00 

1  18  by  24-in,  porcelain 
enamel  sink  with  drain- 
board    27.00 

1  porcelain  enamel  basin..  20.00 

1  porcelain  enamel  si- 
phonic   closet    23.00 

1  4  ft  6  in.  porcelain  enam- 
el bathtub  30.00 

Pipes   and  fittings........  40.00 

$250.66  *  $250.66 

Labor  $125.00  $375.66 
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Carpenter  Work—  Labor    Material       Both 

34  ft  girder.  8  by  lO-ln.,  114  bd. 

ft;  113  ft  sill,  4  by  6-1il,  226 

bd.  ft;  113  ft  plate,  4  by  4-in., 

151  bd.  ft;  8  posts,  4  by  6-in., 

22  ft.,  352  bd.  ft     Total,  843 

bd.  ft.  at  130  per  M $25.30 

Labor,  at  $12  per  M $10.20  $35.50 

Floors — Cost  of  a  square  of  flooring: 
Joists  2  by  lO-in.,    16    in. 

O.  C,  equals  127  bd.  ft» 

at  $30   $3.75 

Labor    1.50 

Nails   10 

Flooring,  100  ft  N.  C.  pine 

at  $50  5.00 

Waste,   %  of  stock 1.67 

Labor    1.50 

Nails,  5  lb.,  at  4c 20 

Total,  per  sq $14.22 

'     Total   squares  first  and   secoi^d 

floor,  10  sq.,  at  $14.22 $30.00   $112.20   $142.20 

Porch  floor,  1%    sq 4.50       16.83       21.33 

Roof— Cost  12   sq 70.00       96.80     166.80 

Side  Walls— 

18   sq.,   at   $9.55 54.00     117.90     171.90 

Siding  and  Paper — 

9   sq.,   at   $7.22 20.00       45.00       65.00 

Shingles  and  Paper — 

8   sq.,  at  $6.50 17.60       34.40       52.00 

Inside  Studding   16.00       20.00       36.00 

Mliiwork— 6  cellar  windows 3.00       17.10       20.10 

Windows — First  and  second  floors: 

Window-frame    $1.20 

Sashes  1.75 

Weight   38 

Sash-cord  20- 

Sash-fast 25 

Inside  casing 70 

Stop-beads   28 

Labor,  8  hrs..  43%c 3.50 

Cost  window  in  place $8.26 

22  windows,  at  $8.26 $77.00   $104.72   $181.72 
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Doors — Cost  per  door:                         Labor    Material  Both 
Door,  2  ft  6  In.  by  6  ft  8  In. 

by  1%  In.,  price |2.40 

Frame  1.00 

Casings 1.33 

Threshold   15 

Nails    05 

Hardware 1.25 

Labor,  8  hrs.,  at  43  %c 3.50 

Cost  of  door  in  place $9.68 

15  doors,  at  $9.68 $52.50     $82.70  $145^0 

Front  Door 4.00       18.73  22.73 

Main  stairs   15.00       20.00  35.00 

Cellar  stairs   5.00         7.40  12.40 

Porch  stairs 5.00         7.00  12.00 

Porcli  columns — 4  at  $8 8.00       24.00  32.00 

Porch  pllaster»— 2  at  $6 4.00         8.00  12.00 

Porch  balustrade   3.50         3.50  7.00 

Porch    celling    8.00         7.00  15.00 

Porch  cornice — ^39  ft  at  75c 8.00       22.00  30.00 

Main  roof  cornice 23.00       64.00  87.00 

BeltK:ourse--85  ft  at  15c 5.00         7.75  12.75 

Water-table--85  ft  at  15c 5.00         7.75  12.76 

Lattice— 42  sq.  ft,  at  15c 3.30         3.00  6.30 

Corner-boards    5.80         5.00  10.80 

China   closet   10.00       10.00  20.00 

Picture  moid— 225  ft  at  5c 3.00         9.25  12.25 

Base— 300  ft  at  10c 15.00       15.00  30.00 

Painting    160.00       40.00  200.00 

Summary 

Excavation   $     45.00 

Masonry  433.41 

Carpentry  and  hardware 1,407.73 

Sheet-metal  work 184.00 

Plastering  235.00 

Plumbing  and  gas-fitting 375.66 

Heating,  hot-air  120.00 

Painting 200.00 

Total  cost    $3,000^0 
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FORM  FOR  ESTIMATING  CARPENTRY  WORK 

A  form  of  estimate,  arranged  In  systematic  manner  and 
complete  in  details,  is  of  great  value  in  determining  the  cost 
of  ^  ^ven  piece  of  work.  A  form  of  this  kind  is  reproduced 
oelow  (pages  184-7). 

The  prices  given  for  material  and  labor  must  not  be  con* 
sidered  as  applying  in  all  instances  and  locations,  but  will 
serve  to  show  how  such  a  form  should  be  filled  out  in  a  sim« 
ilar  estimate.  Items  may  be  added  to  or  omitted  from  the 
list  given  as  the  work  at  halid  demands.  The  scheme  is 
intended  to  show  a  complete  and  systematized  method  of 
estimating  carpentry,  and  the  different  branches  usually  com- 
prised .in  the  carpenter's  bid. 

WOOD  FLOORING 

Wearing  Quality.  The  comparative  life  of  the  various 
woods  used  as  flooring,  under  ordinary  conditions,  is  indi* 
cated  as  follows,  the  floor  of  longest  life  being  mentioned 
first: 

1st,  maple;  2d,  beech  and  birch;  4th,  oak,  quarter-sawed; 
6th,  yellow  pine,  quarter-sawed;  6th,  fir,  quarter-sawed;  7th» 
oak,  plain-sawed;  8th,  yellow  pine,  plain-sawed;  9th,  fir, 
plain-sawed;   10th,  Norway  pine;   11th,  white  pine. 

Maple»  Beechy  and  Birch  Flooring 

Grades.  After  years  of  experience,  the  manufacturers 
have  found  the  designations:  Clear  (for  the  first  grade). 
No.  1  (for  the  second  grade),  and  Factory  (for  the  third 
grade),  to  be  the  most  convenient  and  satisfactory  to  use  in 
the  manufacture,  grading,  and  sale  of  their  products;  and 
architects  are  recommended  ta  employ  these  established 
trade  names  in  their  specifications,  in  order  to  avoid  dis- 
putes and  misunderstandings.  These  grades  should  be  re* 
ferred  to  as  Association   Grades. 

Clear  has  one  face  free  of  all  defects  that  will  impair  its 
general  appearance  and  durability;  but  the  question  of  color 
and  mild  discoloration  is  not  considered,  and  an  occasional 
slight  discoloration  caused  by  the  cross-piece  used  in  piling 
the  rough  lumber  during  the  process  of  air-seasoning  is  not 
classified  as  a  defect 

No.  1  admits  of  tight,  sound  knots  and  slight  imperfec- 
tions  in  dressing,  and  the  more  prominent  dlscolorations  not 
admitted  in  the  grade  of  Clear;  and  lays  without  waste. 

Factory  is  of  such  a  character  as  will  lay  and  give  a  good 
serviceable  fioor  for  factory,  warehouse,  and  kindred  usesi 

(CoatlB3ed  on  pact  187) 
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Uses  of  Standard  Grades.  Clear,  or  first  quality,  is  suit- 
able for  apartment  buildings,  churcluis,  clubs,  dancing  floors, 
gymnasiums,  hospitals,  hotels,  office  buildings,  public  build- 
ings, residences,  roller  skating  rinks,  schoolhouses,  stores, 
and  similar  buildings. 

Number  one,  or  second  quality,  is  a  common  grade.  It  is 
Just  as  serviceable  as  clear,  and  equally  as  desirable  when 
there  is  no  objection  to* the  appearance.  It  can  be  used  in 
the  same  class  of  buildings  as  the  clear  grade,  at  a  con- 
siderable saying  in  the  cost  of  construction. 

Factory,  or  third  grade,  is  for  use  in  factories,  creameries, 
granaries,  mills,  warehouses,  workshops,  and  in  similar  build- 
ings where  a  low-priced  floor  is  desired  and  where  great 
wear  is  likely  to  occur. 

Thickness  and  Face  Widths.  The  Maple  Flooring  Manu- 
facturers' Association  issue  the  following  list  of  thicknesses 
and  face  widths  for  maple,  beech,  and  birch  stock: 

Thicknesses  and  Faces  of  Maple,  Beech,  and  Birch  Matched 

Stock 

Standard  Thickness  Faces  Grades 

13/16"  1%"  2"      2%"  3%"       Clear,    No.    1, 

Factory 
Special  Thicknesses  Clear,   No.    1, 

1-1/16"  1-5/16"  1-11/16"   2"      2%"  3%"  Factory 

%"  %"     1"      1%"  2"  2%"  Clear  and  No. 

1  only 
%"  %"  1%"  2"      2%"       ^       Clear  and  No. 

1  only 

Standard   Measurement 

%"  and  thicker,  all  faces,  is  measured  %"  waste  for 
matching. 

Vi,"  and  thinner,  all  faces,  is  measured  y^**  waste  for 
matching. 

Jointed  flooring  is  measured  as  the  rough  lumber  from 
which  it  is  made,  %-in.  being  added  to  the  face  for  waste 
in  ripping  and  dressing  to  size.  For  example,  13/16  in.  x 
3^  in.  is  measured  1  in.  x  4  in. 

To  Ascertain  Quantity  of  Flooring  Required.  To  ascer- 
tain the  number  of  feet  of  flooring  required  to  cover  a 
given  area,  find  the  number  of  sq.  ft.  of  floor  space  to  bo 
covered,  and  add  thereto  the  following  percentages: 
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Matched  Stock     %"  and  13/16"  Thick       %"  and  %"  Thick 
1%"  face  flooring  50%  33%% 

TT      face  flooring  37^%  25% 

2%"  face  flooring  33%%  22%% 

3%"  face  flooring  24%  not  made 

Use8  of  Different  Thicknesses  and  Faces  of  Flooring 
The  13/16-in.  thickness  of  maple,  birch,  and  beech  flooring 
is  most  commonly  used.  This  flooring  can  be  laid 
directly  on  the  joists,  or  on  strips  embedded  in  ce- 
ment when  the  latter  is  used  for  fireproofing;  but  is  more 
frequently  laid  on  a  subfloor.  For  ordinary  purposes  a  sub- 
floor  of  softwood  boards  laid  diagonally  is  sufficient.  These 
boards  should  be  surfaced  on  one  or  both  sides.  This  sub- 
floor  may  be  used  for  the  work  floor  during  the  progress 
~of  construction,  and  the  hardwood  floor  should  noi  be  laid 
until  the  building  is  dry. 

In  the  case  of  warehouse  or  factory  floors  whece  greater 
strength  and  slow-burning  construction  are  required,  the  8ub< 
floor  should  be  made  of  matched  softwood  boards  1%-in. 
thick. 

If  a  floor  is  to  be  subjected  to  extraordinarily  hard  wear, 
a  thickness  of  1-1/16  in.  is  often  used  instead  of  the  13/16-in. 
hardwood  flooring.  The  13/16-in.  thickness  is  suitable  for 
ordinary  purposes. 

The  %-in.  thickness  of  flooring  is  suitable  for  ordinary 
foot  wear,  and  is  used  in  apartment  buildings,  churches, 
clubs,  offices,  and  similar  buildings.  It  costs  less  than  the 
13/16-in.  thickness;  and  if  the  subflooring  is  uneven,  the 
%-in.  thickness  will  produce  more  satisfactory  results  than 
the  %-in. 

The  %-in.  flooring  is  the  most  popular  thickness  under 
13/16-in.  The  sides  and  ends  of  the  flooring  are  matched 
so  that  it  can  be  laid  with  the  nails  entirely  concealed.  It 
is  suitable  for  residences,  apartment  buildings,  churches, 
etc.,  where  appearance  and  service  both  count  A  cheaper 
grade  of  13/16-ln.  maple  or  beech  flooring  makes  an  ideal 
subfloor  for  the  %-in.  thickness. 

Faces.  The  13/16-in.  and  %-in.  types  of  flooring  are 
usually  preferred  in  the  2%-in.  face,  while  the  1%-in.  face 
is  preferred  in  the  %-in.  thickness.  Narrower  faces  re- 
quire a  larger  quantity  of  flooring  to  cover  a  given  area, 
and  th^  labor  cost  of  laying  is  greater;  but  the  resulting 
floor  is  worth  the  additional  investment  when  appearance 
is  desired.  The  wider  faces  usually  cost  less  for  material 
and  labor. 


190    RADFORD'S  ESTIMATING  AND  CONTRACTINO 

Length8.  The  standard  lengths  in  the  different  grades 
of  flooring  as  put  out  by  the  Maple  Flooring  Manufacturers' 
Association  are  as  follows: 

CLEAR— 2  ft  to  16  ft  May  contain  what  2  ft  to  3%  ft 
the  rough  lumber  produces,  up  to  10  per  cent 

NO.  1—1%  ft  to  16  ft    May  contain  what  1%  ft  to  3%  ' 
ft  the  rough  lumber  produces,  up  to  25  per  cent 

FACTORY— 1  ft  to  16  ft  May  contain  what  1  ft  to  3% 
ft  the  rough  lumber  produces,  up  to  60  per  cent 

Architects  will  find  it  more  advantageous  to  specify  and 
use  the  standard  run  of  lengths  in  the  different  grades, 
instead  of  special  long  lengths,  because  lengths  selected 
4  ft  or  6  ft  and  longer  are  much  more  expensive,  without 
compensating  benefits. 

Weights.  Approximate  weights  of  maple,  beech,  and  birch 
flooring,  per  thousand  feet  board  measure,  for  use  in  esti- 
mating loads,  may  be  taken  as  2,100  pounds  for  13/16-in. 
thickness;  1,800  pounds  for  %-in.,  and  1,200  pounds  for  %'in. 

Nails  for  Hardwood  Floors 
It  is  necessary  that  proper  nails  be  used  in  laying  hard- 
wood flooring,  in  order  to  prevent  splitting  the  tongue  and 
bruising  the  face.  The  Maple  Flooring  Manufacturers'  Asso- 
ciation suggests  that  the  best  results  are  obtained  by  usina 
the  following  nails  and  spacing: 

3-d.  flnishing  nail  for  %-in.  thick,  used  9  in.  apart 

3-d.  bung-head  casing  nail  for  ^-in.  thick,  used  12  in. 
apart 

4-d.  bung-head  casing  nail  for  %-in.  thick,  used  12  in. 
apart 

8-d.  cut  flooring  brad  for  13/16-in.  thick,  used  16  in.  apart 

10-d.  cut  flooring  brad  for  1-1/16-in.  thick,  used  16  in. 
apart 

16-d.  cat  flooring  brad  for  1-5/16-in.  thick,  used  16  in. 
apart 

16-d.  cut  flooring  brad  for  1-11/16-in.  thick,  used  16  in. 
apart 

The  3  and  4-penny  are  wire  nallt,  and,  on  account  of  the 
small  gauge  and  medium  length,  are  best  adapted  to  thin 
flooring.  The  8,  10,.  and  16-penny  are  steel-cut  nails,  mannfao- 
tored  especially  for  laying  hardwood  flooring. 
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Oak  Flooring 

The  -grades  of  oak  flooring  are  generally  divided  hito 
clear,  quarter-eawed  red  or  white,  for  use  in  high-class  resi-' 
dances,   hotels,   apartments,   and   club  houses. 

Sap  clear,  select,  quartered  red  or  white,  substituted  for 
dear  quartered  where  a  dark  finish  is  desired. 

Clear,  plain  sawed  red  or  white,  for  use  in  high-class 
residences,  hotels,  apartments,  etc. 

Select,  pialn-aawed  red  or  white,  for  use  in  medium-priced 
residence,  hotels,  schools,  etc. 

No.  1  common,  for  use  in  cheap  dwellings,  stores,  fac« 
lories,  etc. 

Factory,  for  use  in  warehouses,  cheap  tenements,  etc. 

The  standard  thicknesses  and  widths  of  oak  flooring  are 
as  follows:  13/16-in.  thickness  in  IV^-in.  face,  2-ln.  face,  and 
2^-ln.  face;   %-in.  thickness  in  1^-in.  f^e  and  2-in.  faca 

In  using  oak  flooring,  the  1^-in.  face  makes  a  better, 
more  serviceable,  and  handsomer  floor  than  any  other  width. 
The  shading  of  the  flgure  of  the  wood  may  be  blended  to 
better  advantage  than  when  wider  strips  are  used.  The 
laying  waste  in  the  13/16-in.  by  1%-in.  face  is  less  than 
that  with  the  2-in.  face,  since  in  the  l^-in.  face  %-in.  is 
counted  for  the  tongue  and  groove,  whereas  in  the  broader 
widths  %-in.  is  counted.  The  cost  per  thousand  is  less 
than  in  the  wider  widths,  which  offsets  additional  cost  for 
labor  and  laying. 

The  2-in.  and  2%-in.  faces  are  the  widths  more  com< 
monly  used  in  13/16-in.  thicknesses;  while  in  %-in.  thick* 
nesses,  either  1^-ln.  or  2-in.  face  is  used  as  the  conditions 
demand. 

To.  Ascertain  Quantity  of  Oak  Flooring  Required.  For  a 
given  floor  area,  multiply  the  width  of  floor  by  the  length 
to  flnd  the  number  of  sq.  ft.;  then  add  the  following  per- 
centages: 

'83%%   for    ^....13/16"xl%'' 

37%%   for    13/16"x2'' 

33%%   for    13/16"x2%" 

33%%   for    %''xl%'' 

25%      tor   %''x2'' 

The  above  figures  are  based  on  lajring  fiooring  straight 
across  the  room.  Where  there  are  bay  windows  or  other 
projections  to  be  cut  around,  allowance  should  be  made  for 
this  cutting. 

Tables  XX  to  XXI,  as  compiled  by  the  Nashville  Hardwood 
Flooring  Company,  wlU  be  of  use  in  determining  quantltlesL 
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TABLE  XX 
Sizes   and    Methods   of    Bundling    Oak    Flooring 

%  z  1V&  In.  16  pieces  to  bundle Counted  1x2      In. 

%  X  2      in.  16  pieces  to  bundle.  .^...Counted  1  x  2^  in« 

^  X  2      In.  12  pieces  to  bundle.; Counted  1  x  2^^  in. 

%  X  2^  in.  12  pieces  to  bundle Counted  1x3      in. 

13/16  X  IV^  in.    8  pieces  to  bundle Counted  1x2      in. 

13/16  X  2      in.    8  pieces  to  bundle Counted  1  x  2%  in. 

13/16  X  2^  in.    8  pieces  to  bundle Counter  1x3      in. 

13/16  X  3      in.    6  pieces  to  bundle Counted  1  x  3Vi  In. 

To  Change  Surface  Measure  to  Strip  Count 
%  X  1^  in.  face  add  33^  per  cent.... to  surface  measure 
%  X  2  in.  face  add  25  per  cent.... to  surface  measure 
%  X  2  in.  face  add  25  per  cent.... to  surface  measure 
%  X  2^  in.  face  add  33 Vi  per  cent. ...to  surface  measure 
13/16  X  1^  in.  face  add  33^  per  cent.  ...to  surface  measure 
13/16  X  2      in.  face  add  37^  per  cent.... to  surface  measure 

13/16  X  2^  in.  face  add  33  i^  per  cent to  surface  measure 

13/16  X  3      in.  face  add  16%  per  cent. ...to  surface  measure 
Rules  for  Figuring  Oak  Flooring 
Each  bundle  has  the  length  stamped  on  it.    After  securing 
the  linear  feet  bundle  measure,  use  the  following  rule: 
To  Secure  Strip  Count 

%  X  1%  in multiply  by  2% 

%x2      in "         "    8% 

%  X  2       in "         "    2^ 

%  X  2%  in «         "    3 

13/16  X  1%  in\ "         -    IH 

tl3/16  X  2      in "         "    2 

13/16  X  2%  in "         -    2 

13/16  X  3      in "         "    1%, 

To  Secure  Face  Count 

%  X  1%  in "         ••    2 

%x2      in "         '*    2% 

%  X  2      in » "         "    2 

%  X  2%  in "         «    2% 

13/16  X  1%  in "         "    1 

13/16  X  2      in "         ••    IH 

13/16  X  2%  in "         "    1% 

13/16  X  3       in "        -    1% 


tOn«2  in.  face,  after  multiplying  by  2,  deduct  1-12. 

1-1/16  in.  and  1%  in.  worked  in  2^  in.  and  3  in.  face  on 
special  orders.  Figure  as  you  would  13/16  in.,  adding  ^ 
for  M/16  in.  and  %  tor  1%  in. 
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TABLE  XXI 
Weights  of  Oak   Flooring 

5/16  in.  parquetry  strips 1»200  lbs.  per  1,000  ft 

%  in.  tongued-and-grooved 1,000  lbs.  per  1,000  ft 

V^  in.  tongued-and'grooved 1,200  lbs.  per  1,000  ft 

%  in.  tongued-and-grooyed 1,500  lbs.  per  1,000  ft 

13/16  in.  tongued-and-grooyed 2,200  lbs.  per  1,000  ft 

13/16  z  3  in.  tongued-and-grooyed 2,400  lbs.  per  1,000  ft 

ESTIMATING  COST  OF   FLOORS 

A  method  of  forming  an  estimate  on  the  cost  of  floors 
per  square  of  100  sq.  ft.  is  shown  in  the  following  outline. 
The  prices  for  material  are  put  in  merely  to  indicate  the 
scheme  to  be  followed,  while  the  labor  is  based  on  a  wage 
of  40  cents  per  hour.  A  similar  estimate  could  be  made  for 
any  giyen  locality.  The  floor  estimated  has  6  by  8-in.  sills 
and  2  by  8-in.  Joists  spaced  16  in.  on  centers. 

Estimate  for  Floor 

Material  Labor 

Framing  lumber,  135  ft,  at  $25 |  3.37  $1.00 

Rough  floor,  laid  diagonal,  120  ft.,  at  $25 3.00  .85 

Yellow  pine  finish  floor,  4  in.,  125  ft,  at  |38..     4.75  1.80 

Smoothing  up,  labor 1.75 

Nails    .50 

Paper  between  rough '^and  flnlshed  floors 25  .10 

Totals    .' ni.87        $5.50 

Total  material  and  labor $17.37 

^  A  bid  based  on  the  aboye  estimate  might  range  from 
$17.00  to  $18.00. 

It  will  be  noticed  that  120  ft.  is  figured  in  the  rough 
floor  to  coyer  100  sq.  ft  The  rough  floor  may  be  of  8-in. 
shiplap;  and  in  such  case  one-fifth  is  added  to  make  up  for 
loss  by  waste  in  cutting.  With  the  finish  floor,  one-fourth 
is  added  for  the  matching  and  waste  in  cutting. 

The  question  might  arise  now,  how  much  should  be  adc|^d 
to  the  aboye  figures  if  the  finish  fioor  should  be  a  2^-f^. 
face  oak  floor,  smoothed  by  scraping.  The  result  is  as 
follows: 

Material  lAbor 
185  ft  %  by  2%-in.  face  oak  flooring  at  $80... $10.80  $3.00 
Smoothbig  up,   labor 2.75 

Total    $10.80        $6.76 
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Now,  the  cost  of  the  pine  floor  was  |4.75,  making  a 
difference  of  |6.05  a  square  in  the  cost  of  the  flooring 
material.  The  cost  of  lasting  and  smoothing  the  pine  floor 
was  13.55,  making  a  difference  of  |2.20  In  the  labor.  This 
makes  the  total  difference  for  material  and  labor  $8.25  per 
suare,  the  amount  necessary  to  add  for  oak  floors  well  fin- 
ished up.  This  is  equal  to-  about  47  per  cent  of  the  total 
cost  per  square  of  the  pine  floor,  and  would  bring  the  total 
cost  of  a  square  of  oak  floor  up  to  $25.62. 

The  above  flgures  are  perhaps  a  little  high,  and  it  would 
probably  be  safe  to  flgure  at  $25  for  the  square,  or  about 
40  per  cent  more  for  the  finished  oak  fioor  than  for  the 
pine. 

None  of  the  above  figures  include  the  filling  and  Tar> 
nlshlng,  or  the  profit  for  the  contractor. 

TABLE  XXII 

Allowable  Floor  Loads  in  Accordance  with  the  Building  Laws 

of  Various  Cities 


Lin  Loads  f  oa  Ploobs  n  DiprsaiHT 

CL48818  OF  BniLOXHOS  EZCLVSZTK  OP 
TEB  WBOBT  0^  TBS  MaTBUALB  07 
CONSTBVCTION. 


Pivelliiics,  AMrtment  Houaes.  Hotels. 
Tenement  Uoiisei  or  Lodging  Hooses. 

Office  Bnildingt.  (Ut  floor) 

Office  Buildings,  (sbovo  1st  floor) 

Schools  or  Places  of  Instruction 


Stables  or  CsRlsge  Hooses 

Buildings  for  Pnblio  Assembly 

Buildings   for  ordinaiy  stores,  light 

manufacturing,  and  light  stonge.. 
Stores  for  Heavj  Materials.  Warehouses 

and  Factories 

Roofs-KFltch  less  than  10  degrees).. 
RoofS-<Pitch  more  thaa  10  degnes). 

Sidewalks. 

Public  Buildings  except  Schools 


1^ 
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Pounds  per  Souare  Foot 
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00 
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so 

00 


^stables  less  than  600  sq.  ft.  In  area. 
tStables  over  BOO  sq.  ft.  In  area. 

IfMake  proper  allowance  for  wind  at  80  lbs.  sq*  ft.  nori* 
zontai. 

ESTIMATE  AND  DETAIL  OF  CORNICE 
A  large  number  of  houses  are  now  being  built  with  a 
wide  cornice  similar  to  that  shown  In  Fig.  11.    It  is  quite 
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Important  that  the  carpenter  and  contractor  should  know 
somewhere  near 'the  cost  of  construction  in  such  work.  The 
following  outline  shows  the  method  of  figuring  the  material 
and  labor  separately,  and  in  such  a  manner  as  to  enable  the 
contractor  to  arrive  at  appro  timate  prices  to  suit  his  own 
locality.  The  moldings  are  taken  from  the  Universal  Molding 
Book,  and  the  numbers  and  sizes  are  the  same  throughout 
the  United  States. 


Fig.  11.    Lumber  Cornice  Construction. 


The  object  in  the  following  outline  is  to  figure  this  co^• 
nice  by  the  linear  foot,  so  that  a  contractor,  in  estimating. 
can  find  the  linear  feet  of  cornice  the  building  will  require, 
and  then  in  a  very  few  minutes  find  the  quantity  of  each 
kind  of  material,  and  what  the  labor  will  be  worth. 

^Wages  will  be  figured  at  40  cents  per  hour,  but,  if  differi 
ent  in  any  locality,  a  proportional  amount  may  be  added  or 
subtracted  from  the  cost  given  here. 
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E8timate  for  Cornice. 

Material  Labor 

Gutter  cap,  per  linear  foot. $0.01  10.01^ 

Bottom  and  side  pieces '. 02  .03 

Crown  mold    1 02%  .02 

Plancher,  9  boards  %  by  %-in.  ceiling OTVi  •lO 

Bed  mold 01%  .01% 

Frieze,  2  pieces 07%  .05 

Band   mold    01%  .01 

Gutter  tin    17  .... 

Total   $0.40  10.23% 

Total,  per  linear  foot,  material  and  labor 10.63% 

Example — For  a  square  house  24  by  30  ft  in  Bi2se,  a  cor- 
nice of  the  design  shown  in  Fig.  11  would  be  estimated  as 
follows:  The  extreme  projection  of  tills  cornice  is  2  ft  9  in.; 
therefore  add  5  ft  6  in.  linear  measure  for  each  comer.  For 
four  comers,  this  would  make  22  ft;  thus,  the  width  and 
length  doubled,  plus  22  ft,  would  make  the  linear  feet  of 
the  cornice.  For  the  building  in  question,  this  would  make 
130  ft  net  For  the  estimate  given  above,  63%  cents,  mul- 
tiplied by  130,  would  give  $82.55  as  the  total  cost  of  cornice. 

If  the  labor  cost  only  is  wanted,  multiply  23%  cents  by 
130,  which  gives  $30.55.  For  the  cost  of  material  alone, 
multiply  40  cents  by  130,  which  will  give  $52.00. 

The  above  figures  do  not  include  the  framing;  they  are 
based  on  taking  the  roof  all  framed  and  ready  f6r  the  cor- 
nice. The  outside  measurement  is  taken  in  all  cases,  so 
as  not  to  run  short  on  material.  The  prices  given  on  the 
material  are  a  little  high,  and  Just  about  enough  to  cover 
the  waste  in  cutting. 

In  making  out  a  bill  of  material  for  a  Job  of  this  kind* 
about  8  per  cent  should  be  added  for  waste  in  cutting.  For 
example,  it  would  take  Just  130  ft  of  crown  mold  to  reach 
around  the  cornice  if  there  were  no  waste;  but  since  there 
is  some  waste  in  cutting  crown  molds,  adding  8  per  cent 
would  give  about  10  ft  additional,  making  140  ft  to  be 
ordered. 

With  the  bed  and  band  mold,  it  is  slightly  dlfterent,  for 
these  do  not  project  from  the  building  like  the  crown  mold. 
If  8  per  cent  is  added  to  the  net  linear  feet  around  the 
building,  there  will  be  plenty  for  the  Job.  This  would  make 
about  9  ft  to  add  to  actual  measurements  around  the  build* 
Ing,  thus  making  117  ft 
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For  the  ceiling,  take  the  extreme  oater  measure,  and  mul- 
tiply by  the  width  of  cornice  at  the  point  of  ceiling,  and 
then  add  ^.  This  will  cover  the  loss  in  the  matching,  and 
the  waste  in  cutting. 

The  tin  work  is  usually  figured  by  the  linear  foot  for 
material  for  gutters  and  the  labor  put  in.  A  cornice  of  the 
kind  Just  described  will  take  tin  20  in.  wide;  and  the  cost 
will  be  about  17  cents  per  linear  foot  put  in. 

These  figures  are  approximately  correct,  and  may  senre 
in  estimating  material  and  labor  for  cornice,  even  though 
diifering  from  the  design  submitted. 

CONSTRUCTION  AND  COST  OF  DORMER  WINDOWS 
The  estimated  cost,  in  detail,  of  the  dormer,  shown  in 
Figs.  12  and  13,  is  as  follows: 


Front  View 


Fig.  12.     Dormer  Window  Construction. 
Estimate  for  Dormer  Window 
10  pes.  2  by  4  by  18  r 

16  pes.  2  by  2  by  14  J  408  ft  at  $25 1  10.20 

6  pes.  2  by  4  by  12  I 

400  ft  No.  2  Y.  P.  sheathing,  $25 .• 10.00 

2,000   shingles,  $3.50 7.00 

260  ft  %  by  4-in.  fiiding.  $30 7.50 

60  ft  4-in.  crown  mold,  2c 1.06 

48  ft  Mn.  bed  mold,  Ic 48 

2  balcony  newels,   $1.50 8.00 

20  ft  balcony  rail,  6c 1.20 
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80  balusters.  1%  by  1%  by  18  in.,  3c lAO 

20  ft  base,  5c 1.00 

200  ft  %  by  4-in.  by  16  ft  for  ceiling,  3c -     6.00 

60  linear  ft  1  by  4-in.  fir  finish 75 

1  triple  window-frame 6.00 


SidcN/ieW 


Dormer  Window  Construction. 


2  windows,  24  by  28,  2  It.  n.60 3.20 

1  window,  26  by  28,  2  It 1.65 

10  ft  window  stool,  2c 20 

10  ft  window  apron,  2c 20 

24  ft  window  casing,  2c 4d 

10  ft  head  casing,  2c 20 

10  ft  cap  mold,  2c 20 

10  ft  fillet  Ic 10 

42  ft  window  stops,  Ic 42 

84   flashing  tins,   l%c 1.26 

90  sq.  ft  tin,  balcony  floor 9.00 

Sash-cord,  weights,  and  sash-locks 2.50 

Carpenter  work,  40  hours  at  40c 16.00 

Plastering  sides  and  ceiling 9.00 

CJost  of  painting   7.00 

Total   estimated   cost $107.94 
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la  ^ this  estimate,  no  margin  is  added  for  incidentals. 
Nothing  is  figured  for  a  floor  in  the  room,  because  the  floor 
is  supposed  to  be  there  in  the  average  building;  but  if  a 
floor  had  to  be  put  in,  it  would  be  necessary  to  figure  it 
No  nails  were  figured,  either — which  goes  to  show  very 
plainly  that  a  dormer  window  of  this  kind  and  size  is  worth 
anywhere  from  |108  to  |125,  according  to  the  general  con- 
ditions likely  to  be  met  with  in  this  kind  of  work.  The 
figures  given  include  finishing  up  the  dormer,  but  not  the 
entire  room  which  might  be  back  of  the  dormer  and  for 
which  it  is  to  furnish  light 

TREADS   AND    RISERS   FOR    STAIRS 

For  general  use  in  calculating  the  layout  for  stairs,  the 
accompanying  table.  Fig.  14,  will  be  found  very  handy  and 
useful  as  a  time-saver.     The  first  row  of  figures   running 
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Fig.  14.    Table  Giving  Number  of  Treadar  or  Risers  of  Any 

Width  for  Any  Size  Space, 
down  the  left-hand  side  represents  the  number  of  risers, 
whUe  the  first  row  running  across  the  top  represents  either 
the  rise  or  the  width  of  the  tread.  Those  in  the  following 
lines  represent  either  the  total  sise  or  run  for  the  number 
of  risers  shown  in  the  opposite  left-hand  column. 

Example — Suppose  we  wish  to  find  the  number  of  risers 
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required  in  a  stairway  that  is  10  ft  5%  in.  from  floor  to 
floor,  and  we  desire  to  keep  the  risers  as  near  7^  in.  as 
possible. 

Take  7^  in  the  top  line,  and  run  down  the  column  to 
the  nearest  flgure  to  10  ft.  5%  in.  It  is  10  ft  7^  in.,  and 
is  opposite  17  in  the  left-hand  column.  Therefore  17  repre- 
sents the  number  of  risers;  but  there  is  2  in.  left  over.  This 
must  be  divided  into  17  parts,  and  one  of  these  parts  sub- 
tracted from  each  riser,  which  would  be  nearly  %  in.  less 
than  7^  in. 

Now  look  in  the  next  column  to  the  left  In  this,  the 
risers  are  7%  in.;  and  for  17  risers,  the  total  is  found  to 
be  10  ft  5%  in.,  which  is  just  %  in.  short  Thus  the  risers 
will  be  7%  in.,  plus  1/17  of  %  in. 

To  find  the  run  of  the  stairs,  it  must  be  remembered 
that  there  is  always  one  less  tread  than  there  are  risers. 
So  take  16  in  the  left-hand  column,  and  trace  the  figures 
to  the  right  till  you  come  to  the  column  whose  figures  at 
the  top  represent  the  desired  width  of  tread.  Suppose  it 
to  be  9  in.;  then  it  will  be  found  that  the  run  will  be  12 
ft.  If  the  treads  are  9^  in.  wide,  then  the  run  will  be  12 
ft.  8  in.,  and  so  on  for  any  desired  width  of  tread.  Usually 
there  is  some  leeway  in  the  run;  that  is,  it  is  not  confined 
to  a  certain  space  like  the  rise  from  fioor  to  fioor.  There* 
fore,  a  few  inches  in  the  run  of  a  straight  fiight  of  stairs 
does  not  usually  make  any  difference,  thus  leaving  it  to  the 
builder  to  select  at  once  the  width  of  tread  desired.  When 
this  cannot  be  done,  then  the  allotted  space  must  be  arrived 
at  in  the  same  manner  as  that  given  in  the  above  for  the 
risers.  But  after  all,  it  should  be  remembered  that,  while 
the  measurements  can  be  accurately  found  by  the  aid  of 
this  table,  its  greatest  utility  is  as  a  quick  reckoner,  in  laying 
out  the  space  and  proper  openings  for  the  finished  stair  work. 
In  that  case  it  is  not  necessary  to  calculate  down  to  the 
minuteness  required  in  the  building  of  the  stairs. 

FIGURING  BUILDING  DEPRECIATION 

In  a  discussion  of  methods  of  figuring  depreciation,  held 
by  the  Cleveland  Real  Estate  Board,  Mr.  D.  H.  Goldsmith 
made  the  following  suggestions: 

"Depreciation  cannot  be  fixed  by  any  absolute  rule.  Prop- 
erty depreciates  in  value  from  age,  use,  and  occupancy  and 
surroundings.  Property  occupied  by  tenants  usually  depre- 
ciates one  per  cent  a  year  more  than  when  occupied  by  the 
owner. 
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"Redwood  lumber  will  last  the  longest,  though  it  is  not 
extensively  used.  White  pine,  spruce,  birch,  poplar,  and  oak 
come  next,  while  yellow  pine  and  hemlock  are  the  shortest- 
lived.  The  kind  of  lumber  used  is  the  first  consideration  in 
figuring  depreciation.  North  Carolina  pine  lacks  strength, 
and  warps  badly.  Southern  pine,  one  of  the  classes  of  yellow 
pine  is  divided  into  two  sub-classes — long-leaf  and  short-leaf 
pine.  Short-leaf  pine  should  be  used  for  sheathing  and  in- 
terior work,  as  it  is  not  so  strong  as  long-leaf  pine,  the  latter 
containing  a  lot  of  resin.  Norway  pine  is  practically  extinct, 
yellow  pine  taking  its  place.  Cypress  is  best  for  exterior 
work,  especially  that  grown  in  Southern  swamps,  called  *red 
cypress.' 

"Workmanship  comes  next.  Next,  much  depends  upon  the 
owner.  If  he  is  dilatory  about  making  needed  repairs,  natur- 
ally the  depreciation  is  nearly  double  that  of  the  owner 
who  gives  repairs  immediate  attention.  The  depreciation  is 
also  considerably  less  if  repairs  are  properly  made,  rather 
than  in  a  slipshod  sort  of  way. 

"Banks,  in  making  appraisals  for  loans,  base  much  of  the 
value  on  the  general  appearance  of  a  building — if  well 
painted  and  In  good  condition.  One  banker  informed  me 
that  his  bank  re-appraises  all  loans  every  three  years,  and 
that  if  the  property  looks  neglected  it  demands  that  a  pay- 
ment on  the  loan  be  made.  The  general  appearance  of  all 
the  houses  on  the  street  also  has  an  influence  on  the  loan. 

"Thai  it  is  important  that  the  owner  do  needed  repairs. 
Is  evidenced  by  the  following  example:  Six  years  ago  my 
firm  sold  a  3-family  frame  dwelling  to  a  widow  for  $6,900,  < 
bringing  a  rent  of  |828  annually.  The  property  is  located 
on  a  main  street  where  land  values  have  increased.  We 
were  given  charge  of  this  property,  though  never  permitted 
by  the  owner  to  make  needed  repairs.  The  result  was 
that  when  the  property  was  put  on  the  market,  after  the 
owner's  death,  the  best  offer  obtainable  was  $5,300.  We  then 
pointed  out  to  the  administrator  that  some  decorating,  paint- 
ing, and  carpenter  work  would  bring  better  results,  for  paint 
and  paper  cover  a  multitude  of  deficiencies,  and  apparently, 
at  least  to  the  casual  observer,  lessen  the  percentage  of 
depreciation.  These  repairs  cost  about  $200,  though  really 
$200  more  should  have  been  added.  The  result  was  we  had 
an  ofFer  ot  $6,500  cash,  or,  in  other  words,  an  advance  of 
$1,000  owing  to  some  of  the  great  depreciation  being  elimi- 
nated, which  BhowB  that  repairs  and  depreciation  go  hand 
In  hand. 
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"Where  owners  are  negligent,  the  depreciation  is  great 
If  a  porch  floor  commences  to  rot  it  is  not  long  before  nearly 
an  entire  new  porch  is  needed.  New  stringers,  post  ba»ea» 
etc.,  must  be  put  in  to  make  it  safe  again. 

"In  large  cities,  a  frame  dwelling  occupied  by  the  owner 
depreciates  approximately  from  2V^  to  3  per  cent  a  year. 
When  occupied  by  a  tenant,  approximately  3  to  3^  per  cent 
a  year.  On  cheap  frame  tenements,  about  50  per  cent  higher 
is  a  fair  estimate.  On  frame  barns  used  by  the  owner,  4^ 
to  5  per  cent  is  a  fair  estimate.  When  used  by  tenant,  5% 
to  6^^  per  cent,  much  depending  upon  the  kind  of  tenant. 

"On  a  poorly  constructed  dwelling,  whether  occupied  by 
the  owner  or  tenant,  the  depreciation  is  practically  double. 
In  smoke  belts,  the  depreciation  will  be  about  50  per  cent 
higher  than  these  figures.  In  small  towns  the  figures  are 
about  the  same,  except  that  in  towns  where  there  is  a  great 
deal  of  soft  coal  smoke  or  acid  fumes,  75  per  cent  should 
be  added. 

"The  figured  longevity  of  a  frame  dwelling  is  30  years. 
At  that  age  I  have  always  figured  that  a  house  has  depre- 
ciated about  80  per  cent,  the  remaining  20  per  cent  being 
made  up  of  sheeting,  bill  stuJEf,  foundation,  and  interior  fin- 
ish. On  the  house  built  20  years  ago,  I  would  figure  the 
life  as  40  years,  lumber  being  better  seasoned  before  usins 
than  at  the  present  time,  and  more  money  was  put  into 
labor. 

"Architectural  changes,  and  people  wanting  different  sizes 
of  rooms,  different  style,  more  conveniences,  newer  patents, 
and  the  latest  in  plumbing  and  lighting  fixtures,  make  dO 
years  now  a  fair  basis  on  which  to  figure." 

"Construction  News"  recently  published  the  following  data, 
giving  the  average  life  of  the  different  parts  of  a  frame  stmo- 
ture,  and  the  percentage  of  annual  depreciation  on  same: 

Life  of  Parts,  and  Depreciation,  In  a  Frame  House 

Average        Annual 
Life.     Depreciation. 

Plastering    20  yrs. 

Painting,  outside  5    " 

Painting,  inside  7    " 

Shingles   IG     " 

Cornice    40    " 

Weather-boardiug   30    " 

Sheathing   50    " 

Flooring    20    " 


5 

per  cei 

20 

u              « 

14 

«              u 

6 

4*                       $i 

2V^ 

U                    «l 

3% 

u            u 

2 

U                4* 

6 

«<               M 
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Flooring  (entirely  carpeted) 40    "      2H    "       " 

Doors,  complete 30    "      3%    " 

Windows,  complete   30    "      3%    " 

Stairs  and  newels 30    "      3%    " 

Base    , 40    "      2%    "        *• 

Inside  blinds 30    "      3%    "        *• 

Bnilding  hardware  20    "      6 

Outside  blinds  16    "      6       "       " 

Sills  and  first  Joists r 15    "      4 

Dimension  lumber   50    "      2       "       •* 

Piazzas  or  porches 20    "      5       "        " 

If  this  building  had  been  built  with  brick  walls,  the  aver- 
age life  of  the  brick  would  have  been  about  75  yeare  with 
a  depreciation  of  about  1  per  cent  per  year.  The  life  of  the 
plastering  would  be  increased  to  about  30  years,  with  an 
annual  depreciation  of  only  3^  per  cent  The  life  of  the 
Bills  and  first-floor  Joists  would  be  increased  to  40  years,  with 
2%  per  cent  depreciation  per  year;  while  the  dimension 
lumber  would  have  about  the  same  life  and  yearly  deprecia- 
tion as  the  brick.  Other  materials  would  be  rated  about  the 
same  as  in  the  case  of  the  frame  building. 

STRENGTH  OF  BEAMS 
For  calculating  strength  of  beams  freely  supported  at  ends, 
we  may  use  the  formula: 

pi 

=  M. 

e 
TABLE  XXIII 
Average  Safe  Working  Unit-Stresses  In  Bending  for  Timber 

Pounds  per 
Sq.  In. 

White  oak  1.200 

Southern  long-leaf  or  Georgia  yellow  pine 1,200 

Short-leaf  yellow  pine   1,000 

Norway  pine  . . ." 800 

Cypress 800 

California  spruce 800 

Chestnut 800 

Douglas  fir   800 

California  redwood  750 

White  pine 700 

Spruce .' 700 

Bastem  fir   • 700 

Cedar    700 

Hemlock  600 
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where  p  is  the  unit  bending  strength  of  the  material  in 
pounds  per  square  inch  (see  Table  XXIII) ;  I  is  the  moment  of 
inertia  of  the  beam  cross-section;  e  is  the  distance  from 
center  of  gravity  of  the  beam  section  to  the  outer  fibers  at 
top  or  bottom  (see  Table  XXIV  for  values  of  I  and  e) ;  and  M 
is  the  value  of  the  greatest  bending  moment  as  given  in 
Figs.  15  to  15c.  All  of  these  quantities  should  be  expressed  in 
pound  and  inch  units. 

This  formula  may  be  used  to  find  the  size  of  a  beam 
necessary  for  a  given  load;  to  find  the  load  which  may  be 
carried  by  a  beam  of  a  given  size;  or  to  find  the  degree  of 
safety  which  exists  in  a  beam  of  a  given  size  which  is 
carrying  a  given  load. 

Figs.  15  to  15c  give  the  values  of  M,  the  maximum  bending 
moment,  for  four  common  cases  of  beams  and  cantilevers. 
In  each  case,  W  is  the  total  load  on  the  member,  in  pounds; 
B  is  the  weight  of  the  beam  itself,  in  pounds;  w  is  the  load 
per  inch  of  length  of  beam;  and  a,  b,  and  I  are  lengths  as 
shown,  in  inches. 

TIMBER   COLUMNS 

The  following  formula,  ^lled  Johnson's  parabolic  colunfin 
formuiap  is  very  useful  in  solving  problems  in  regard  to 
timber  columns  where  the  value  of  length  divided  by  least 
width  or  thickness  is  not  greater  than  60.     The  ends  are 

TABLE  XXIV 

Values  of  I,  a.  and  Areas  of  Cross-Section  for  Use  with  Common 
Structural  Shapes  Shown  In  Rg.  16 


A 

B 

C 

D 

E 

F 

I 

a* 
12 

a«-m« 
12 

bh« 
12 

bh«-cg» 
12     ' 

d* 
20 

dMi« 

20 

e 

a 
2 

a 
2 

h 
2 

h 
2 

d 
7 

d 
2 
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Gro8». 

Section 

a> 
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supposed  to  he  flat,  held  firmly  in  place;  and  the  load  is  to 
be  exactly  central.     For  convenience,  the  same  formula  is 


V 


a 


prm 


Fig.  15B.     Freely  Supported  Beam  with  Concentrated  Load. 


M.IffitBii 


Fig.  15C.    Freely  Supported  Beam  with  Uniformly  Distributed 


given  in  four  difTerent  ways,  each  way  being  for  a  diifereat 
kind  of  timber. 


For  Georgia  yellow  | 
W 

—  =  4,000  — 
A 

pine  columns- 
8         1        1 
—  X  — X  — 
10       d       d 

For  short-leaf  yellow 
W 

—  =3,300  — 
A 

pine  columns- 
7         1        1 

-x-x- 

10       d       d 

' 
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TABLE  XXV 

Final   Crushing  Strength   of  Buliding  IMaterials 

(Loads  on  Timber  Applied  in  Direction  of  Grain) 

Short  Column  Columns  oyer 
Under  12  Times      12  Times 
MATERIAL                             Least  Dimen-  Least  Dimen- 
sion sion 

Lbs.  per  Sq.  In.  Lbs.  per  Sq.  In* 

WWte  oak   5,000  7.000 

Wbite   pine    3,500  5,500 

Long-leaf  or  Georgia  yellow  pine..     5,000  7,000 

Douglas   fir    4,500  5,700 

Short-leaf  yellow  pine 4,500  6,000 

Norway  pine. 4,000  5,000 

Spruce  and  Eastern  fir 4,000  6,000 

Hemlock   4,000  ..,. 

Cypress   4,000  5,000 

Cedar  3,500  5,500 

Chestnut  4,000  

California  redwood  4,000  .... 

California  spruce  4,000  .... 

Cast  iron   80,000  70,000 

Mild   steel    60,000  50,000 

Concrete    (1:2:4   mixture) 2,000  .... 

For  white  oak  columns — 


1 


w 

[8         1        1 

—  =8,600  — 

-X  — X- 

A 

10       d       d 

For  white  pine  and  spruce  columns-^ 
W  16        1       1   I 

—  =  2,500—  —X  —  X—r 
A  [10       d       d  J 

In  the  above  formulas,  the  value  of  W  is  the  breaking 
central  load,  in  pounds;  A  is  the  sq.  in.  of  area  of  cross-sec- 
tion of  column;  1  is  the  length  of  the  column,  in  inches;  and 
d  is  the  least  dimension  of  the  cross-section  of  the  column,  in 
Inches. 

When  there  is  occasion  to  use  a  factor  of  safety  in  soly« 
lag  for  the  working  load,  as  is  necessary  in  all  design,  divide 
both  parts  of  the  right-hand  side  of  the  formula  by  the  factor 


r 
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desired,  or  leave  the  equation  as  it  is,  and  divide  the  answer 
for  W  by  the  factor. 

TABLE  XXVI  / 

Safe  Unit-Loads  for  Hollow  Round  and  Rectangular  Cast-iron 

Columns 
(In  pounds  per  square  inch  of  cross-section  of  column) 


Length, 

Length.  - 

in  Inches, 

in  Inches, 

Divided  by 

Divided  by 

Least  Value 

Round 

Rec- 

Least Value 

Round 

Rec- 

of d 

tangular 

of  d 

tangular 

8 

9,259 

9,433 

23 

6,020 

6,684 

9 

9,082 

9,293 

24 

6,814 

6,494 

10 

8,888 

9,140 

26 

6.614 

6.305 

11 

8,688 

8,983 

26 

5.420 

6.120 

12 

8.475 

8,811 

27 

5,233 

6.940 

13 

8,257 

8,635 

28 

6,050 

6.764 

14 

8,032 

8,446 

29 

4.875 

6,592 

15 

7,806 

8,257 

SO 

4,706 

5,424 

16 

7,576 

8,064 

81 

4.543 

5,260 

17 

7,347 

7,867 

32 

4.386 

5.102 

18 

7,117 

7,6/0 

33 

4,235 

4.947 

19 

6,892 

7,468 

34 

4.090 

4.797 

20 

6,666 

7,272 

35 

8,951 

4.655 

21 

6,447 

7,076 

36 

8,817 

4,515 

22 

6,230 

6,877 

• 

TABLE  XXVII 
Average  Weight  of  Timber 

Ash 42  lbs.  per.  co.  ft 

Chestnut   41    "  "  "  " 

Hemlock    25    "  "  "  " 

Hickory   53    "  "  "  " 

Maple  49    "  "  "  " 

Oak  32  to  48    "  "  "  "  -. 

Pine,  Norway 36    "  "  "  " 

Pine,  white   26    "  "  "  " 

Pine,  yellow,  Northern 34    "  "  "  " 

Pine,  yellow,  Southern 45    "  "  "  " 

Spruce 25    "  "  "  " 

Walnut 48    "  "  "  •* 

To  find  the  weight  of  a  board  foot  of  these  materially 
divide  the  weight  given  by  12. 
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Table  XXVIII  gives  the  approximate  weights  of  timber  per 
1»000  board  feet 

TABLE  XXVIII 
Approximate  Weight  of  Dry   Lumber  per  1,000  feet,   Board 

Measure 

Ash 3.500  lbs. 

Chestnut   3.400    " 

Hemlock ' 2.100    " 

Hickory 4,400    " 

Maple    4,100    " 

Oak    4,000    " 

Pine,  Norway  3,000    " 

"   ,  wWte 2,100    " 

"   ,   yellow    3,000    " 

Spruce    2,100    " 

Walnut   4.000    " 

CA8T-IR0N  C0LUMN8 

Table  XXVI  contains  values  for  the  safe  load  in  pounds 
per  square  inch  of  cross-section  of  hollow  round  and  rec- 
tangular castrlron  columns,  as  recommended,  by  Kidder's 
Architects'  Pocket-Book.  These  unlt-loa~ds  are  based  on  a 
factor  of  safety  of  8. 

To  find  the  total  central  load  which  may  be  carried  by  a 
column  of  a  given  size,  multiply  the  area  of  the  cross-section 
of  the  ccilumn  by  the  corresponding  unit-load  taken  from  the 
table.  The  value  d  referred  to  in  the  table  is  the  least  ez« 
terior  dimension  of  the  column,  in  Inches. 

LABOR  QUANTITIES  IN  CARPENTRY 
A  man  will  do  approximately  the  following  amounts  of 
work  in  an  8-hour  day  in  common  frame  buildings: 

Base-boards,  l-member.  fit 150  linear  ft. 

2-member,  "    125       "      " 

3-member,  "    100       "      " 

(These  quantities  are  lowered  by  %  after  plaster  is  put  in 
place.) 

Boarding,  rough  bam  work,  putting  on 1,000  bd.  ft 

Bridging,  place    .- 40  pairs 

Clapboards,  cut  and  lay 250  sq.  ft. 

Cornices,  including  scaffolds    (2   men) 160  linear  ft 

Doors,  fit  and  hang  8       "      " 

"       1-member  casing,  case 12       "      ** 

"       2-member       "         "      8       "      " 

"       fit  locks  in  12       "      - 
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Flooring,  l^xi",  matched,  rough  cheap  work, 

lay  about 700  sq.  ft 

Flooring,   l^xG",  matched,  rough  cheap   work 

lay  about  900  "    " 

Flooring,  4",  better  class  of  work 300  to  400  "    •• 

less  than  4" 200  to  300   "    " 

**         hardwood,  in  small  rooms,  lay  about  160   "    ^ 
**                "           end    matched,    in    large 

rooms,  lay  about 400   "    *• 

"        under,  place  in  position 1,000   "    ** 

Joists,  place  in  position  about 600  bd.  ft 

Plaster  grounds,  place  in  position 400  linear  ft 

Rafters,  common,  place  in  position 400  bd.  ft 

Sheathing,  common,  putting  on 600  sq.  ft 

"          dressed  and  matched,  putting  on..  400   "    " 

•'         shiplap,  putting  on  400  "    " 

Shelving,  pantry 60  to  70  linear  ft 

Shingles,  cut  and  lay 1,600 

Siding,  common,  cut  and  lay 300  sq.  ft 

"       drop,  where  joints  are  made 200   "    ** 

"         "      window-casing  and  corner-boards 

placed  over  siding  350   "    " 

Stairs,  box,  number  of  risers  in  height 6 

Studding,  place  in  position 600  bd.  ft 

Wainscoting,  ceiling   200  sq.  ft 

"  panel  work,  set  up  and  finish  (not 

make) 160   "    - 

Windows,  l-member  casing,  case 12 

2-member      "         "       8 

"         2-sash,  fit  and  hang 10 

Window  frames,  ordinary,  set  in  place 14 

"  "         setting    and    fitting    windows 

8  to  ..•iM, 8 


Yellow  Pine  Construction 

DATA  FOR   DESIGN   AND  CALCULATION 

Since  it  is  claimed  that  about  one-third  of  the  entire  lum- 
ber  output  of  the  United  States  is  Southern  yellow  pine,  the 
data  compiled  and  tabulated  as  given  in  the  following  pages 
of  this  section  should  be  of  value  to  the  contractor.  This 
material  is  reproduced  by  permission,  from  the  handbook  of 
the  Yellow  Pine  Manufacturers'  Association,  written  by  Mr. 
Arthur  T.  North,  Engineer,  of  Chicago,  111. 

8AFE   L0AD8  ON   YELLOW  PINE  BEAMS 

The  tables  of  safe  loads  for  yellow  pine  beams  (actual 
size)  give  the  safe  loads  in  pounds  uniformly  distributed  for 
all  usual  spans,  based  upon  an  extreme  fibre  stress  of  1,800 
pounds  per  sq.  in.;  and  the  maximum  safe  load  limited  by  re- 
sistance to  the  horizontal  shearing  stress  along  the  neutral 
axis  is  base^  on  a  horizontal  shearing  stress  of  175  pounds 
per  sq.  in.  The  tabular  loads  include  the  weight  of  the  beam, 
which  must  be  deducted  to  obtain  the  net*  external  load  it 
will  safely  carry. 

The  loads  indicated  B  are  the  safe  bending  loads  in  pounds 
uniformly  distributed  corresponding  to  the  extreme  fibre 
stress  of  1,800  pounds  per  sq.  in. 

To  convert  these  loads  for  other  stresses,  proceed  as  fol- 
lows: 

Case  I.    To  find  the  size  of  timber  required  for  a  given 
tmiformly  distributed    load,  span,  and  fibre  stress — 
f=:  Extreme  fibre  stress  in  pounds  per  sq.  in. 
For  f  =  1,000,  given  load  X  1.8   =  new  load. 
**    f  =  1,200,  given  load  X  1.6   =  new  load. 
"    f  =  1,300,  given  load  X  1.4   =  new  load. 
**    f  =  1,400,  given  load  X  1.3   =  new  load. 
"    f  =  1,440,  given  Ipad  X  1.26  =  new  load. 
"    f  =  1,600,  given  load  X  ;i.2   =  new  load. 
"    f  ^  1,600,  given  load  X  1.13  =  new  load. 
"    f  =r  1.700,  given  load  X  1.06  =  new  load. 
Find  the  new  load  (indicated  ''B")  in  tables  opposite  the 
span;  at  head  of  column  will  be  found  the  required  size  of 
beam. 

Case  IL  To  convert  the  loads  indicated  B  for  other  fibre 
stresses — 

211 
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f  =  extreme  fibre  stress  in  pounds  per  sq.  in. 
For  f  =  1,000,  multiply  tabular  load  by  .555 
"  f  =  1,200,  multiply  tabular  load  by  .667 
"  f  =  1,300,  multiply  tabular  load  by  .722 
"  f  =  1,400,  multiply  tabular  load  by  .777 
"  f=:  1,440,  multiply  tabular  load  by  .800 
"  f  =  1,500,  multiply  tabular  load  by  .833 
"  f  =  1,600,  multiply  tabular  load  by  .888 
"    f  =  1.700,  multiply  tebular  load  by  .944 

If  a  concentrated  load  is  applied  at  the  center  of  the  span, 
the  safe  load  is  one-half  the  safe  uniformly  distributed  load 
for  the  same  span;  if  two  equal  concentrated  loads  are  ap- 
plied at  the  third-points  of  the  span,  the  safe  load  (the  sum 
of  the  two  loads)  is  three-fourths  the  safe  uniformly  dis^ 
tributed  load  for  the  same  span;  two  times  the  safe  con- 
centrated load  applied  at  the  center  of  the  span  is  equivalent 
to  the  safe  uniformly  distributed  load  for  the  same  span;  one 
and  one-half  times  the  sum  of  two  equal  loads  applied  at  the 
third-points  of  the  span  is  equivalent  to  the  safe  uniformly 
distributed  load  for  the  same  span. 

The  loads  indicated  H8  are  the  safe  uniformly  distributed 
loads  in  pounds  which  are  limited  by  the  resistance  to  the 
horizontal  shearing  stress  along  the  neutral  axis  of  the  beam, 
and  are  based  on  a  horizontal  shearing  stress  of  176  pounds 
per  sq.  in.  These  loads  are  the  maximum  safe  uniformly  dis- 
tributed loads  that  can  be  applied  to  the  beam  for  the  spans 
given  or  for  shorter  spans. 

The  loads  indicated  D  are  the  uniformly  distributed  loads 
in  pounds  which  produce  a  deflection  of  one-thirtieth  of  an 
inch  per  foot  of  span  and  are  based  on  a  modulus  of  elas- 
ticity of  1,620,000  pounds  per  sq.  in. 

A  concentrated  load  .625  times  the  uniformly  distributed 
load,  and  applied  at  the  center  of  the  span,  will  produce  the 
same  deflection  for  the  same  span;  a  concentrated  load 
divided  into  two  equal  units  applied  at  the  third-points  of 
the  span  .734  times  the  uniformly  distributed  load,  will  pro- 
duce the  same  deflection  for  the  same  span. 

The  deflections  in  inches  indicated  Dl  are  the  deflections 
produced  with  a  load  of  1,000  pounds  uniformly  distributed. 
The  deflection  in  inches  for  any  uniformly  distributed  load 
is  obtained  by  multiplying  the  deflection  indicated  Dl  for  the 
proper  span,  by  the  number  of  1,000-pound  units  in  the  given 
load.  For  a  concentrated  load  of  1,000  pounds  applied  at  the 
center  of  the  span,  the  deflection  in  inches  is  1.6  times  the 
deflection  for  a  1,000-pound  load  uniformly  distributed  over 


TABLE  XXIX 
9afe  Loads  In  Pounds  Uniformly  Distributed  for  Yellow  Pine 

Beams 

(Actual  size) 

Beams  Supported  at  Both  E2nd8 

(The  loads  given  include  the  weight  of  the  beam) 

Fibre  stress  1,800  pounds  per  sq.  in.;  horizontal  shearing 

stress,  176  pounds  per  sq.  in.;  modulus  of  elasticity,  1,620,000 

pounds  per  sq.  in. 

H8  indicates  the  maximum  safe  load  uniformly  distributed 
that  can  be  applied  to  the  beam,  and  corresponds  to  the  hori* 
sontal  shearing  stress  along  the  neutral  axis. 

B  indicates  the  safe  bending  load  uniformly  distributed, 
and  corresponds  to  the  extreme  fibre  stress. 

D  indicates  the  load  uniformly  distributed  that  produces 
a  deflection  of  one^hirtieth  of  an  inch  per  foot  of  span. 

D1  indicates  the  deflection  in  inches  with  a  load  of  1,000 
pounds  uniformly  distributed. 

L/30  indicates  the  deflection  in  inches  which  is  one-thir- 
tieth of  an  inch  per  foot  of  span. 
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.0581 

3066 
.0261 

2856 
.0299 

.100 

4 

B 
D 
Dl 

1068 

967 

.1379 

2382 
1876 
.0618 

2145 
.0711 

HS 
Dl 

2135 
.0369 

2887 
.0389 

3528 
.0233 

4760 
.0165 

7056 
.0116 

.133 

"6 

B 
D 
Dl 

864 

619 

.2603 

1905 
1201 
.1206 

1716 
1382 
.1388 

B 
Dl 

2056 
.0720 

2721 
.0759 

3326 
.0466 

4588 
.0323 

6656 
.0227 

.166 

6 

B 
D 

Dl 

712 

430 

.4651 

1588 

834 

.2068 

1430 

960 

.2398 

B 
D 
Dl 

1714 
1607 
.1244 

2268 
1523 
.1313 

2773 
2642 
.0787 

3824 
3584 
.0558 

6646 
6084 
.0593 

.200 

T- 

B 
D 
Dl 

610 

316 

.7384 

1361 

613 

.3307 

1225 

705 

.3806 

B 
D 

Dl 

1469 
1180 
.1977 

1944 
1119 
.2085 

2376 
1867 
.1250 

3277 
2633 
.0886 

4763 
3735 
.0625 

.233 

IT 

B 
D 
Dl 

534 

342 

1.1020 

1191 

469 

.4938 

1072 

540 

.6686 

B 
D 
Dl 

1285 

904 

.2950 

1701 

857 

.3112 

2079 
1429 
.1866 

2868 
2016 
.1323 

4159 
2860 
.0932 

.266 

9 

B 
D 
Dl 

1148 

714 

.4202 

1612 

677 

.4431 

1848 
1129 
.2657 

2549 
1693 
.1883 

3697 
2260 
.1327 

.300 

10 

B 
D 
Dl 

1028 

678 

.6767 

1361 

648 

.6083 

,  1663 

916 

.3643 

2294 
1290 
.2584 

3327 
1830 
.1821 

.333 

TT 

B 
D 
Dl 

935 

478 

.7671 

1237 

453 

.8094 

1512 

766 

.4850 

2086 
1066 
.3440 

3026 
1613 
.2423 

.366 

TT" 

B 
D 
Dl 

867 

402 

.9950 

1134 

381 

1.0499 

1386 

635 

.6299 

1912 

896 

.4464 

2773 
1271 
.3147 

.400 

213 
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the  same  span;  for  a  concentrated  load  of  1,000  pounds 
divided  into  two  equal  units  and  applied  at  the  third-points 
of  the  span,  the  deflection  is  1.36  times  the  deflection  for  a 
1,000-pound  load  uniformly  distributed  over  the  same  span. 

L/30  indicates  the  deflection  in  inches  which  is  one-thir- 
tieth of  an  inch  per  foot  of  span. 

Sufficient  bearing  should  be  provided  at  the  ends  of  the 
beams  so  that  the  allowable  intensity  of  compression  across 
the  grain  is  not  exceeded.  This  eftect  may  be  obtained  by  the 
use  of  metal  or  hardwood  corbels  or  bearing  plates  arranged 
to  provide  a  large  bearing  area  against  the  softer  wood. 

TABLE  XXIX— (Continued) 


Nominal  Size 

2z8 

2Mx8 

3x8 

4x8 

6x8 

8x8 

L/» 

Actual 

Size 

1^x7)4 

2)ix7>i 

2Jix7H 

3^x7H 

6Hx7H 

7Hx7H 

Span 

in  Feet 

6 

HS 
Dl 

2843 

.0526 

3937 
.0379 

4812 
.0310 

6662 
.0227 

9625 
.0155 

13125 
.0114 

.200 

7 

B 
Dl 

2611 
.0834 

8617 
.0602 

4419 
.0193 

6027 
.0361 

8839 
.0246 

12053 
.0181 

.233 

8 

B 
D 
Dl 

2284 
2142 
.1245 

3165 
2966 
.0899 

^7 
3625 
.0735 

6274 
4944 
.0539 

7734 
7251 
.0368 

10547 

9888 
.0269 

.260 

9 

B 
D 
Dl 

2031 
1693 
.1772 

2813 
2344 
.1280 

3437 
2865 
.1047 

4688 
8906 
.0768 

6875 
6729 
.0624 

9375 
7813 
.0375 

.300 

10 

B 
D 
Dl 

1828 
1371 
.2431 

2532 
1898 
.1756 

3093 
2320 
.1437 

4219 
3164 
.1053 

6187 
4640 
.0718 

8437 
6328 
.0527 

.333 

11 

B 
D 
Dl 

1661 
1133 
.3236 

2302 
1569 
.2337 

2812 
1918 
.1912 

3835 
2615 
.1402 

6625 
8836 
.0956 

7670 
6230 
.0701 

.366 

12 

B 
D 
Dl 

1526 

95^ 

.4202 

2110 
1318 
.3035 

2578 
1612 
.2481 

3516 
2197 
.1821 

6156 
3223 
.1241 

7031 
4394 
.0910 

.400 

13 

B 
D 
Dl 

1406 

811 

.5343 

1948 
1123 
.3859 

2380 
1373 
.3156 

3246 

1873 
.2313 

4769 
2746 
.1678 

6490 
8744 
.1167 

.433 

14 

B 
D 
Dl 

.6667 

1809 

968 

.4821 

2210 

1184 

..3941 

3014 
1615 
.2890 

4420 
2368 
.1971 

6027 
8229 
.1445 

.466 

16 

B 
D 
Dl 

1218 

609 

.8210 

1688 

844 

6924 

2065 
1031 
.4850 

2813 
1406 
.3566 

4126 
2063 
.2424 

6626 
2812 
.1778 

.600 

16 

B 
D 
Dl 

1142 

636 

.9950 

1682 

742 

.7188 

1934 

906 

.6887 

2637 
1236 
.4416 

3867 
1813 
.2942 

6273 
2472 
.2158 

.633 
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Fibre  stresses  should  be  inodlfied  for  moving  loads,  im- 
pact, or  other  unusual  conditions.  x 


TABLE  XXIX— (Continued) 


Komiiml 
Sue. 

2x10 

2Hxl0 

3x10 

4x10 

6x10 

8x10 

10x10 

L/ao 

Actual 
Sue. 

■ 

lHr9H 

2Kx9H 

2«x9« 

3«x9H 

5«"»« 

.7Hx9H 

9Hx9H 

Feet. 
8 

HB 
Dl 

3601 
.0612 

4967 
.0442 

6097 
.0362 

8312 
.0265 

12190 
.0181 

16625 
.0133 

21066 

.0105 

.206 

• 

B 
Dl 

3258 
.0872 

4512 
.0630 

5515 
.0615 

7521 
.0378 

11030 
.0257 

15041 
.0189 

19052 
.0149 

.800 

,  10 

B 
D 
Dl 

2933 
2786 
.1196 

4061 
8858 
.0864 

4963 
4715 
.0707 

6769 
6430 
.0618 

9927 
9431 
.0353 

13537 
12860 
.0259 

17146 
16290 
.0209 

.333 

11 

B 
D 
Dl 

2666 
2303 
.1592 

3691 
3189 
.1149 

4512 
3897 
.0941 

6154 
5315 
.0690 

9025 
7794 
.0470 

12307 
10629 
.0345 

15588 
13463 
.0273 

.866 

12 

B 
D 
JDl 

2444 

1935 
.2067 

3384 
2679 
.1493 

4136 
3275 
.1221 

5641 
4466 
.0896 

8273 
6549 
.6108 

11281 
8981 
.0448 

14289 
11313 
.0353 

.400 

.13 

B 
D 
Dl 

2256 
1648 
.2630 

3124 
2283 

.1898 

3818 
2790 
.1553 

6207 
3805 
.1139 

7636 
5581 
.7765 

7091 
4812 
.0970 

10413 
7610 
.0569 

13190 
9639 
.0449 

.483 

U 

B 
D 
Dl 

B 
D 
Dl 

2095 
1422 
.3282 

2900 
1968 
.2371 

3545 
2406 
.1939 

4835 
3281 
.1422 

9669 
6561 
.0711 

12248 
8312 
.0561 

.466 

15 

1955 
1238 
.4133 

2707 
1715 
.2915 

3309 
2096 
.2386 

4513 
2858 
.1750 

6618 
4192 
.1193 

9025 
5716 
.0876 

11431 
7240 
.0691 

.500 

16 

B 
D 
Dl 

1833 
1089 
.4898 

2538 
1507 
.3539 

3102 
1842 
.2895 

4230 
2511 
.3124 

6205 
3684 
.1447 

8461 
5024 
.1062 

10716 
6363 
.0838 

.633 

17 

B 
D 
Dl 

1725 

964 

.5878 

2388 
1335 
.4245 

2920 
1632 
.3472 

3982 
2225 
.2547 

5840 
3263 
.1737 

7963 
4450 
.1273 

10086 
5637 
.1005 

.566 

18 

B 
D 
Dl 

1629 

860 

.6977 

2256 
1191 
.5038 

2758 
1455 
.4124 

3760 
1985 
.3023 

5515 
2911 
.2061 

7521 
3969 
.1512 

9526 
5028 
.1193 

.600 

19 

B 
D 
Dl 

1544 

772 

.82M 

2137 

1069 

.5925 

2612 

1306 

.4849 

3663 
1782 
.8554 

5225 
2613 
.2424 

7126 
3563 
.1782 

9025 
4518 
.1403 

.633 

20 

B 
D 
Dl 

1466 

697 

.9565 

2030 

965 

.6908 

2481 

1179 

.5655 

3384 

1608 

.4146 

4964 
2358 
.283T 

6768 
3215 
.2074 

8573 
407o 
.1637 

.660 
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TABLE  XXIX<-(Continued) 


= -   - 

Naounal 
8Lie 

2il2 

2Hil2 

3*12 

1j12 

6x12 

3x12 

10x12 

12%12 

L/» 

Actual 

11^ 

m 

\^ 

?m 

'n% 

M? 

?i1l 

WH 

Spun 

HS 
Dl 

4361 
.0492 

6037 

,oa.^5 

737S 
.0291 

10062 
.0^213 

14756 
.0145 

30125 
10.06 

2^90 
.O0S4 

30866 
.0069 

.300 

10 

B 
Dl 

429!* 

£951 
.U487 

7273 
.0398 

9'JIO 
.0292 

14547 

.0199 

19837 
.0140 

26127 
.0115 

30417 
.0095 

,33a 

11 

Dl 

.0897 

5409 
.0648 

6612 
,0530 

W}\7 
.0389 

13225 
.0265 

18034 
.OUM 

22  Si  12 
.0153 

27652 
.0127 

.360 

12 

B 
D 
Dl 

35Sa 
3132 
.lUi5 

4959, 
4752 
.0842 

(JOtil 
5S08 
,0689 

8266 
7921 
.05(J5 

12123 
11617 
,0344 

16531 
I5i?^2 
.0252 

20939 
20067 
.0199 

25343 
24292 
.0165 

,400 

13 

D 
Dl 

33U6 
2^24 
.  1 182 

4577 
40,^) 
.1070, 

6595 
4  04  9 
.0875 

7630 
67fj0 
.0642 

11 190 
0809 
.0438 

15259 
13499 
.0321 

19328 
17093 
.0253 

23383 
20608 
.0209 

<433 

14 

B 
D 
Dl 

3070 
2521 
.1831 

4250 
3490 
.1330 

519.5 
4267 
.lOM 

7085 
6820 
.0S^J2 

10391 
S536 
.0.547 

14169 
11639 
.0401 

17948 
14743 
.0310 

21727 
17347 
.0261 

.466 

IB 

B 
D 
Dl 

2&(.5 
2190 
,2277 

3rH2 
.1G44 

4g4n 
3717 
.1345: 

6613 
5070 
.09Sft 

9098 
7435 
.(1672 

13225 
10139 
.0^193 

16751 
12843 
.0389 

2027S 
15547 
.0321 

.500 

16 

B 
D 
Dl 

1931 
.27(12 

3719 
2073 
.1995 

4516: 
3267 
,1632 

6199 
4456 
.1197 

90^2 
6535 
,08ia 

12398 
S9tl 
.0598 

i.-iToe 

112SS 
.0483 

19011 
13664 
.0390 

.633 

17 

B 
D 
Dl 

252g 
17101 
.3314 

3-500 
23d8 
.2303 

4278 
2g94 
.1958 

6835 
3947 
.1436 

6557 
5789 
.0979 

11069 
7894 
.0718 

14780 
9990 
.0.W7 

17392 
12104 
.0463 

.660 

18 

B 
D 
Dl 

23SS 
1625 
.4934 

3306 
2112 
.2841 

4041 
2582 
.2324 

6510 
3521 
.1704 

ti082 
6164 
.1162 

11021 
7041 
.0852 

13959 
8910 
.0673 

16898 
10796 
.05.^ 

,600 

ly 

B 
D 
Dl 

22(V2 
136^ 
.4020 

3132 
1896 
.3340 

3923 
2317 
.2733 

5221 
3160 
.2004 

7656 
4634 
.1367 

lOHl 
6319 
.1002 

13224 
SIXJ5 
.0791 

16009 

.633 

20 

B 
D 
Dl 

2140 
123G 

2^75 
1711 
.3896 

3636 
20fn 
,3188 

4959 
.2:^7 

7274 
4182 
,1594 

9918 
6703 
.1169 

12664 
7224 
.0923 

15209 
8745 
.0702 

.666 

21 

B 
0 
Dl 

2m  7 

1121 
.6244 

mm 

1552 
.4510 

3463 
1897 
.3690 

4724 
2f>87 
.2706 

6927 
3794 
.1845 

9446 
6173 
.  1353 

11965 
6552 
.1068 

14485 
7932 
.0882 

.700 

22 

B 
D 

Dl 

195-1 
102  J 
.7183 

2705 
1414 

.mm 

3306 

1728 
.4244 

45l>9 
2337 
.3111 

6612 
a457 
.2121 

IK.)  17 
4714 
.155*1 

11421 
6970 
.1228 

13826 
7227 
,1015 

.733 

23 

Dl 

I8t^9 

.a2os 

2587 

12M 

.5925 

3162 
1581 
.4849 

4313 
2156 
.35,5f^ 

6325 
3103 
.2424 

S625 
4313 
.1778 

10925 
6463 
.1403 

ri3225 
6612 
.1159 

.766 

"24 

B 
D 
Dl 

1791 

858 

.&324 

2479 

ns8 

.6734 

3031 
1452 
.6510 

4i:i.3 
1980 
.4040 

2904 
.2754 

B265 
3961 
.2019 

1CH69 
5017 
.1594 

12074 
6073 
.1317 

.800 
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HUB 

2lH 

2H^ 

3x14 

4x14 

6x14 

8x14 

lOiU 

12x14 

14x14 

L/» 

Actual 
6i» 

13^ 

?a1i 

?^>i. 

13^ 

5J^* 
13^^ 

7H* 

9^]t 
13i^ 

llHi 
13^ 

inFe«t 
U 

HB 
Dl 

5512 

.051  r» 

7087 
WOL 

8C62 
0328 

11812 
.0240 

17325 
0104 

23025 
.0120 

29925 
.0095 

36225 
007S 

42525 
,0067 

.380 

12 

h 

Dl  I 

S316 

.0520 

83.JJ 
(H20 

113'.n 
0312 

16710 
.0213 

22781 
.0156 

2i«*50 
,.0123 

34931 
,0102 

41006 
.0087 

.400 

"13 

h 
Dl 

.0850 

r0308 

^710 
MM  I 

Kjsia 

.0397 

15425 
.0271 

2102« 
.0198 

26636 
.0156 

32244 
.0129 

37852 
.0110 

.433 

14 

D 

Dl 

4656 
4393 
.1002 

5858 
6649 
J>82(j 

7159 
9904 
M70 

9761 
9415 
.0490 

14323 
13808 
.0338 

19520 
1SS29 

24734 
23850 
.0170 

29941 
28S71 
.0162 

35148 

33893 

0137 

.406 

"  is 

b 

D 

425:i 
3827 

Ainm 

54  (>7 
4921 
.1016 

6^Ji^2 

oou 

.9831 

91L3 
S21II 
.0610 

12028 
.0415 

18225 
IWOl 
.0305 

23085 
20770 
.0241 

279^15 
25150 
.0198 

32S05 
29524 

.500 

15" 

D 
Dl 

~mi7 
S3&4I 
,1SS5 

4325 
,1233 

fi2S« 
.1009 

ii543 
7208 
.0740 

12532 
10572 
.0504 

17080 
14416 
.037(1 

2i«42 
18260 
.0292 

26198 
22105 
.0241 

25049 
.0205 

.533 

"  If" 

D 
Dl 

3753 
2980 
1902 

4824 
3S31 
.  1497 

5896 
4tt82 
J210 

8mi 

63S5 
.08S7 

U790 
93t>4 
.06051 

10O81 
12770 
.0444 

20309 
16175 
AKi50 

24657 
19580 
.0289 

28915 
221*80 
.0246 

.566 

16 

D 
Dl 

3544 
265^ 
.225-i 

4556 
3117 

5568 
4177 
.  1137 

7594 
&J95 
.1053 

11140 
0713 

15187 
11391 

.0527 

19237 
14428 
.0416 

23287 
1744J5 
,0343 

273^^7 
205iJ3 
.0292 

.600 

10 

B 

D 

2385 
,2655 

4310 
3007 

.2M5 

6275 
3743 
.ItiftS 

7194 
61  L2 
.1239 

7497 
.0845 

143  8« 
10223 
.0619 

18225 
12949 
,048& 

15675 
.0404 

^5898 
1S402 
.0344 

.633 

-"50 

D 
Dl 

^190 
2153 
.3097 

4  UK) 
2768 
,2408 

5012 
33*13 
.  1971 

4613 
.  1445 

10026 
6766 
.098,^ 

1368S 
©227 
.0723 

17313 
11686 
.0570 

i006^ 
14147 
.0471 

1600® 
.0401 

.666 

21 

D 
Dl' 

303S 
1953 
.3S85 

"3905 
2511 

.278ft 

4773 

3^:>e9 

.2281 

651W 
41S4 

.1673 

ilM9 
6137 
.1111 

13018 
8.309 
,0836 

lt>489 
10600 

.mm 

19lHiO 

1331 

0545 

23432 
15063 
.O»05 

-700 

K"" 

D 

Dl 

2900 
1779 
.4122 

37  J8 
22S8 
3206 

45Se 
2796 
.2023 

3813 
.1923 

9114 
5592 
,1311 

I242ti 
7625 
,0002 

15740 
9059 
.0759 

1905.3 

11692 

0627 

22307 
13725 
.0534 

.733 

33 

D 

Dl 

2774 
1628 
.4710 

35iMi 
2093 
,36fl3 

4358 
355S 
.2997 

59^13 
34g8 
.2198 

8718 
5116 
1498 

H8S6 
6977 
.1099 

15055 
S837 

.0^7 

10697 
0717 

2UiH 
12537 
.0010 

.766 

^    ■ 

b 

D 
Dl 

:K5fl 
1495 
5351 

1923 
4162 

4170 
2350 
.3405 

6095 
3204 
.  24^*7 

8355 
4699 
.1703 

11390 
6407 
.1249 

14428 
6U0 
0986 

17465 
0825 
0814 

20503 
11533 
.0694 

.800 

"    2fe 

D 
Dl 

137S 
.6048 

A280 
1772 
.47<M 

4009 
2105 
.3ft49 

546a 
2952 

.2822 

S021 
4330 
,1924 

1U935 
5905 
.1411 

13851 
7480 
.1114 

10767 
9054 
0i>20 

19083 
10629 
0784 

.833 

^"" 

D 

Dl 

2454 
1274 
Am* 

315^1 
1638 
5202 

3855 
2002 
.4329 

5257 
273^ 
.3175 

7712 
4004 
2105 

105  H 
54(K] 

Ar>m 

13318 
6915 
.1253 

10122 
8,371 
1035 

18926 
0827 
.0882 

.866 

"   27 

B 

D  ^ 
Dl 

D 
Dl 

2363 
TlSl 
.7&I9 

1098 
.S49B 

3^:J37 
1519 
.6926 

1412 
,6009 

3712 
1850 

.4848 
3579 
1726 

.5407 

5063 
2531 

.3555 
4882 
2351 

.3965 

7427 
3713 
2424 
716L 
3452 
,27ft4 

10125 
5062 
.1778 

12825 
6412 
.1403 

15525" 
7703 
.1159 

18225 
9112 
Ot*S7 

,900 

2a 

9763 
4707 
.1983 

12367 
6963 
.1505 

14970 
7218 
.1293 

17574 
&474 
-UOl 

.933 

ai8    RADFORD'S  BSTIMATINO  AND  C(»fTRACTINa 
TABLE  XXIX-(CantiniiMi) 


2x16 

2Hxl6 

8x16 

4x16 

<lxl6 

L/» 

Actuals 

ise 

l5ixl6H 

2Mxl5H 

3HtL6yi 

9Htl5yi 

6Hxl6H 

13 

HS 
Dl 

6328 
.0662 

8187 
.0437 

0047 
.0367 

13562 
.0262 

19890 
.0178 

.4SS 

14 

B 

Dl 

6008 
.0702 

7723 
.0646 

0438 
.0446 

12870 
.0327 

18877 
.0223 

.466 

15 

B 
Dl 

6608 
.0863 

7208 
.0671 

8800 
.0649 

12013 
.0403 

17618 
.0274 

.600 

16 

B 
D 
Dl 

6267 
6091 
.1047 

6767 
6646 
.0816 

8268 
8001 
.0666 

11262 
10009 
.0489 

16617 
16001 
.0333 

.683 

17 

B 
D 
Dl 

4948 
4510 
.1266 

6360 
6798 
.0977 

7772 
7087 
.0799 

10699 
0664 
.0686 

16646 
14174 
.0399 

.566 

18 

B 
D 
Dl 

4673 
4023 
.1492 

6006 
6172 
.1160 

4731 
6322 
.0949 

10010 
8620 
.0696 

14682 
12643 
.0474 

.600 

19 

B 
D 
Dl 

4427 
3610 
.1754 

6690 
4642 
.1364 

6954 
6673 
.1116 

9484 
7737 
.0818 

13909 
11347 
.0668 

.633 

20 

B 
D 
Dl 

4206 
3258 
.2046 

6406 
4189 
.1591 

6606 
6120 
.1302 

9009 
6982 
.0955 

13214 
10241 
.0651 

.666 

21 

B 
.D 
Dl 

4006 
2956 
.2368 

6148 
3800 
.1842 

6292 
4644 
.1507 

8580 
6333 
.1106 

12585 
9289 
.0753 

.700 

22 

B 
D 
Dl 

3824 
2693 
.2723 

4914 
3462 
.2118 

6006 
4232 
.1733 

8190 
6770 
.1271 

12012 
8463 
.0866 

.733 

23 

B 
D 
Dl 

3657 
2464 
.3112 

4701 
3168 
.2420 

6745 
8872 
.1980 

7834 
6280 
.1452 

11490 
7743 
.0990 

.766 

24 

B 
D 
Dl 

3505 
2263 
.3535 

4505 
2909 
.2750 

6506 
3556 
.2250 

7508 
4849 
.1650 

11012 
7112 
.1126 

.800 

26 

B 
D 
Dl 

3365 

2085 
.3006 

4325 
2681 
.3108 

6286 
3277 
.2543 

7208 
4469 
.1865 

10571 
6564 
.1271 

.838 

26 

B 
D 
Dl 

3235 
1928 
.4495 

4159 
2479 
.3496 

6082 
3030 
.2860 

6930 
4132 
.2099 

10164 
6060 
.1430 

.866 

27 

B 
D 
Dl 

3116 
1788 
.50.'^4 

4004 
2299 
.3916 

4894 
2810 
.3203 

6674 
3831 
.2349 

9788 
6619 
.1602 

.900 

28 

B 
D 
Dl 

3004 
1663 
.5614 

3861 
2137 
.4367 

4719 
26*2 
.3573 

6436 
3562 
.2620 

9438 
6226 
.1786 

.033 

29' 

B 
D 
Dl 

2901 
1550 
.6238 

3728 
1993 
.4851 

4556 
2436 
.3969 

6214 
3321 
.2911 

9113 
4871 
.1984 

.066 

80 

B 
D 
Dl 

2804 
1448 
.6906 

3<K)4 
1862 
.6371 

4404 
2276 
.4394 

6006 
8103 
.3222 

8809 
4661 
.2197 

1.000 

YELLOW  PINE  CONSTRUCTION 
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Nominal  flbe 

8x16 

10x16 

12x16 

14x16 

16x16 

L/» 

Aetoitl  fi 

fise 

7Hxl6H 

9Hxl6H 

llHxlSH 

ISHMH 

15Hxl6H 

13 

H8 

Dl 

27126 
.0131 

84350 

.0103 

41690 
.0086 

48826 

.0078 

66066 
.0063 

.433 

14 

B 
Dl 

25741 
.0164 

32606 
.0129 

89469 
.0107 

46334 
.0091 

63199 
.0079 

.466 

15 

B 
Dl 

24025 
.0201 

40431 
.0159 

36838 
.0131 

43245 
.0112 

49652 
.0097 

.500 

Id 

B 
D 
Dl 

22524 
21820 
.0244 

.  25829 
27638 
.0193 

34536 
33457 
.0169 

40542 
89276 
.0136 

46549 
45094 
.0118 

.533 

17 

B 
D 
Dl 

21198 
19328 
.0293 

26851 
24482 
.0231 

32504 
29636 
.0191 

88157 
34791 
.0163 

43811 
89946 
.0142 

.666 

^8 

B 
D 
Dl 

20021 
17240 
.0318 

25359 
21837 
.0275 

30698 
26436 
.0227 

86037 
81032 
.0193 

41377 
35630 
.0168 

.600 

19 

B 
D 

Dl 

18967 
15473 
.0409 

24025 
19599 
.0323 

29083 
23725 
.0267 

34141 
27852 
.0227 

39199 
31978 
.0198 

.633 

20 

B 
D 
Dl 

18019 
13965 
.0477 

22824 
17688 
.0377 

27629 
21412 
.0311 

32434 
25136 
.0265 

37239 
28860 
.0231 

.666 

21 

B 
D 
Dl 

17161 
12666 
.0553 

21736 
16044 
.0436 

26313 
19422 
.0360 

30889 
22799 
.0307 

35466 
26177 
.0267 

.700 

22 

B 
D 
Dl 

16381 

11541 

0635 

20749 
14618 
.0502 

25117 
17696 
.0414 

29486 
20774 
.0353 

33854 
23851 
.0307 

.733 

23 

B 
D 
Dl 

15668 
10559 
.0726 

19846 
13375 
.0673 

24025 
16191 
.0473 

28203 
19006 
.0403 

32382 
21822 
.0351 

.766 

24 

B 
D 
Dl 

15015 
9698 
.0825 

19019 
12283 
.0651 

23024 
14869 
.0538 

27028 
17456 
.0458 

31033 
20042 
.0418 

.800 

26 

B 
D 
Dl 

14415 
8938 
.0932 

18259 
11320 
.0736 

22103 
13704 
.0608 

25947 
1G087 
.0618 

29791 
18470 
.0451 

.833 

26 

B 
D 
Dl 

13861 
8268 
.1049 

17556 
10466 
.0828 

21235 
12670 
.0684 

24949 
14873 
.0583 

28645 
17077 
.0607 

.866 

27 

B 
D 
Dl 

13347 
7662 
.1174 

16906 
9706 
.0927 

20466 
11749 
.0766 

24025 
13792 
.0652 

27584 
15836 
.0568 

.900 

28 

B 
D 
Dl 

12870 
7126 
.1310 

16302 
9026 
.1034 

19735 
10924 
.0854 

23167 
12826 
.0728 

26699 
14724 
.0634 

.933 

29 

B 
D 
Dl 

12427 
6642 
.1450 

15740 
8413 
.1149 

19054 
10184 
.0949 

23368 
11952 
.0809 

25682 
13726 
.0704 

.966 

30 

B 
D 

'  Dl 

12012 
6202 
.1611 

15216 
7862 
.1272 

18419 
9517 
.1051 

21622 
11172 
.0895 

24826 
12827 
.0779 

1.000 
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TABLE  XXIX-CContiiiued) 


Nomiiial  Sise 

2x18 

2VUxl8 

3x18 

4x18 

6x18 

8x18 

' 

Actiu 

dSise 

iH^iiyi 

2Jixl7H 

2Hxl7H 

3Hxl7H 

6Hxl7Vi 

7Hxl7H 

L/» 

16 

HS 
Dl 

7147 
.0599 

9187 
.0466 

11228 
.0382 

16812 
.0270 

22460 
.0101 

30625 
.0143 

.600 

"16 

B 
Dl 

AAOO 

.0728 

8613 
.0666 

10627 
.0463 

14356 
.0330 

21055 
.(^31 

28711 
.0160 

.533 

17 

B 
Dl 

6306 
.0873 

8106 
.0679 

0008 
.0556 

13511 
.0407 

10816 
.0278 

27022 
.0204 

.566 

18 

B 
D 
Dl 

6964 
6790 
.1036 

7656 
7444 
.0806 

0366 
0008 
.0650 

12760 
12406 
.0483 

18715 
18105 
.0320 

26621 
24812 
.0242 

.600 

19 

B 
D 
Dl 

6641 
6196 
.1219 

7253 
6681 
.0948 

8866 
8165 
.0776 

12080 
11134 
.0560 

17730 
16330 
.0388 

24177 
22260 
.0284 

.68S 

20 

B 
D 
Dl 

6369 
4690 
.1422 

6890 
6029 
.1106 

8421 
7360 
.0004 

11484 
10040 
.0663 

16844 
14738 
.0462 

22068 
20008 
.0332 

.ete 

21 

B 
D 
Dl 

6104 
4264 
.1646 

6562 
6469 
.1280 

8020 
6684 
.1047 

10738 
0116 
.0768 

16042 
13368 
.0523 

21875 
18220 
.0384 

.700 

22 

B 
D 
Dl 

4872 
3876 
.1892 

6264 
4983 
.1472 

7666 
6000 
.1204 

10440 
8306 
.0883 

15312 
12180 
.0602 

20680 
16600 
.0441 

.738 

23 

B 
D 
Dl 

4660 
3646 
.2162 

6001 
4659 
.1643 

7323 
6672 
.1376 

0086 
7598 
.1009 

14647 
11144 
.0688 

10073 
15107 
.0504 

.700 

"24 

B 
D 
Dl 

4466 
3267 
.2466 

6742 

4187 
.1911 

7018 
6118 
.1668 

0570 
6078 
.1146 

14036 
10235 
.0782 

10140 
13056 
.0673 

.800 

26 

B 
D 
Dl 

4287 
3001 
.2777 

6512 
3859 
.2159 

6737 
4716 

.1767 

0188 
6431 
.1206 

13475 
0433 
.0883 

18376 
12862 
.0648 

.833 

26 

B 
D 
Dl 

4122 
2775 
.3123 

6300 
8568 
.2420 

6478 
4361 
.1087 

8834 
6046 
.1467 

12057 
8721 
.0004 

17668 
11802 
.0720 

.800 

27 

B 
D 

Dl 

3970 

2673 

•  .3498 

6104 
3308 
.2720 

6238 
4043 
.2226 

8507 
6614 
.1632 

12477 
8087 
.1113 

17014 
11027 
.0816 

.000 

28 

B 
D 

Dl 

3828 
2392 
.3902 

4022 
3076 
.3034 

6016 
3760 
.2482 

8203 
6127 
.1820 

12031 
7620 
.1241 

16406 
10264 
.0010 

.033 

20 

B 
D 
Dl 

3696 
2230 
.4334 

4752 
2868 
.3371 

6808 
3606 
.2768 

7020 
4780 
.2022 

11616 
7010 
.1370 

15841 
0550 
.1011 

.000 

80 

B 
D 
Dl 

2673 
2086 
.4798 

4604 
2680 
.3732 

6dU 
3275 
.3063 

7656 
4466 
.2230 

11220 
6550 
.1626 

15312 
8032 
.1110 

1.000 

81 

B 
D 
Dl 

3457 
1952 
.6294 

4446 

2510 
.4117 

6433 
3067 
.3360 

7400 
4183 
.2470 

10867 
6134 
.1684 

14818 
8365 
.1235 

1.08S 

32 

B 
D 
Dl 

3349 
1832 
.6823 

4306 
2356 
.4620 

6263 
2870 
.8621 

7178 
3926 
.2717 

10627 
6757 
.1863 

14366 
7861 
.1368 

1.000 
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TABLE  XXIX-(Cofieluded) 

• 

NocniiiaJ 

lOxlg 

12*18 

14x18 

16il8 

18x18 

20x20 

L/« 

?7l| 

17  H 

13Hit 
17H 

\'7ti 

\%^ 

I9H 

Span 

la 
Feet 

15 

HS 
Dl 

.0110 

46959 
.0091 

65125 
.0077 

63290 
.0067 

71456 
,0059 

.500 

IQ 

B 
DI 

36367 
.OlM 

44024 
.0111 

51679 
.0094 

55)33^ 
0082 

061192 
.0073 

Dl 

887^^5 
.0047 

.533 

17 

B 

Dl 

a*2127 
.0161 

4HLi4 

on:* 

55S43 
0004 

63051 
.0087 

B 
Dl 

87234 
.0056 

.56Q 

IS 

B 

D 
Dl 

M3m 

3U28 

oiyi 

3'>132 
38045 
.0167 

45938 
44661 
.0134 

52743 
51278 
.0117 

59549 
57894 
.0103 

B 
Dl 

S238S 
.0066 

■  flOO 

10 

B 
D 

Dl 

30624 

282£)7 

0224 

37072 
34145 
.0185 

43520 
40084 
.0158 

49906 
46022 
.0137 

5(H14 
51961 
.0122 

B 
Dl 

78051 
.0078  [ 

.633 

'  20 

B 
D 

Dl  - 

21K)94 
25457 
.0262 

35219 
30816 
.0216 

41344 
3*>175 
.0184 

47469 
41535 
.0160 

53594 
46S94 
.0142 

B 
D 
Dl 

74148 
72295 
.0092 

.66e 

21 

B 
D 

Dl 

27708 
23000 
.0303 

33542 
27951 
.0250 

39375 

32812 

0213 

45208 
37G73 
.0186 

51042 
42334 
-0164 

B 
D 

Dl 

70tV18 
05574 
.0107 

.700 

22 

B 
D 

Dl 

2&J49 
21039 
.0318 

32017 
254  lis 
.0288 

37585 
29897 
.0245 

43153 
343J7 
.0213 

48721 
38736 
.0189 

B 
D 
Dl 

67408 
59748 
.0123 

.733 

2Z 

B 
D 
Dl 

252!:>9 
19249 
.0398 

30625 
23301 
.03'J& 

35951 
27354 
.0380 

41277 
31407 
.0244 

46603 
35459 
.0216 

B 
D 
Dl 

61477 
54665 
,0140 

.766 

24 

B 
D 
Dl 

24245 
17678 
.0452 

29349 
21400 
.0374 

34453 
25122 
.0318 

39557 
28S44 
.0277 

44601 

32.'>66 

0245 

B 

D 
Dl 

61790 
50205 
.0159 

.800 

25 

B 
D 
DI 

23275 
16292 
.0511 

28175 
19722 
.0422 

33075 

23152 

0300 

37375 
26528 
,0313 

4  287  5 
.0277 

B 
D 
Dl 

59319 
4^269 
.0180 

.833 

2d 

B 
D 
Dl 

2237a 
150e3 
.05-5 

27091 
182,11 
.0475 

31803 
21406 
.M05 

365  U 
24577 
.0353 

41226 
2774  U 
.0312 

B 
D 

Dl 

57037 
427  7  K 
.0202 

.866 

27 

B 
D 
Dl 

21531 
139eS 
.0644 

2t^88 
16909 
.0532 

30tj25 
198*9 
.0^53 

35162 
22790 
.0,195 

3E*699 
25731 
.0350 

B 
D 
Dl 

54925 
39668 
.0*^27 

.flOO 

38 

B 
D 
Dl 

207SI 
12988 
,0718 

23156 
15723 
0594 

25)331 
1&457 
.0506 

33906 
21191 
.0440 

38281 
23U25 
.0390 

B 
D 
DI 

52964 
36885 
.0253 

,933 

29 

B 
D 
Dl 

20064 
12108 
.0798 

24289 
14657 
,0659 

28513 
17206 
.0562 

32737 
19755 

36961 
223f>4 
.0433 

B 

D 
Dl 

51137 
34,385 
.0281 

.966 

ao 

B 
D 
Dl 

19396 
11314 

23479 
13696 
.0730 

27562 
16078 
.0622 

31646 
18460 
.0542 

33729 
20842 
.0480 

Dl 

49432 
32132 
,0311 

1. 000 

ai 

B 
D 
Dl 

1S770 
10596 
.0^75 

22722 
12827 
.0805 

26673 
15057 
.0680 

30625 
1728S 
.0598 

34577 
19519 
,0529 

B 
D 
Dl 

47838 
SOOftl 
.0343 

1.033 

33 

B 
D 
Dl 

18184 
99« 
.1072 

22012 
1203S 
.0886 

23340 
14131 
.0755 

29668 
16224 
.0657 

33496 
18318 
.0582 

B 
D 
Dl 

40343 
28240 
.0377 

t.oeo 

W/ 


222    RADFORD'S  ESTIMATING  AND  CONTRACTING 

TABLE  XXX 

Maximum  Bending  IMoments  In  Foot-Pounds  for  Yellow  Pine  Beams 

(Actual  Sue) 
Methods  for  calculating  bending  moments  are  shown  in  Rg.  15  to  15C» 


Nominal 


Actual 
Siw 


MAXIMUM  BENDING  MOMENT.  IN  FOOT- 
POUNDS 


Fibre 

Streas 

1200  lbs. 

perSq. 

In. 


Fibre  I  Fibre 
Strees   I   Stvess 

1300  lbB.|l400  Ibfl. 

perSq.  wSq. 
In«  In. 


Fibre 

Streas 

1600'lbs. 

perSq. 

In. 


Fibre 
Stran 

1600  Ibe. 

pcrSq. 
in. 


Fibre 

Streas 

1800  Ibau 

perSq. 

In. 


z4 
z4 
z4 


2x6 
2Kx6 
8x6 
4x6 
6x6 

2x8 

3x8 
4x8 
6x8 
8x8 

2  zlO 
2HzlO 

8  xlO 

4  xlO 

6  XlO 

8  xlO 

10  xlO 

2  xl2 

2Hxia 

3  xl2 

4  xl2 
6  zl2 
8  xl2 

10  xl2 
12  xl2 


2  xl4 

2Hxl4 

8  xl4 

4  xl4 

6  xl4 

8  zl4 

10  xl4 

12  xl4 

14  zl4 

2  xl6 
2Hxl6 

8  zl6 

4  zl6 

6  zl6 


(zll 

UllH 
,  SxllM 
llHzll^i 


356 

794 
716 

857 
1134 
1386 
1912 
2773 

1523 
2110 
2578 
3516 
5156 
7031 

2444 
3384 
4136 
5641 
8273 
11281 
14289 

8682 
4958 
6060 
8266 
12123 
16531 


25348 


6316 
6834 


11391 
16710 
22781 
28856 
84931 
41006 

7010 
9010 
11011 
15016 


385 
860 
774 


1228 
1501 
2071 
3004 

1650 


2793 


5585 
7616 

2648 
3666 
4480 
6110 
8962 
12221 
15480 


5271 
6565 


13133 
17908 


27460 


6769 
7403 
9049 
12340 
18102 
24679 
81261 
87841 
44428 

7894 

9760 

11928 

16267 


415 
926 
834 

1000 
1323 
1617 
2231 
3235 

1777 
2462 
3008 
4002 
6015 
8202 

2851 
3948 
4825 
6681 
9652 
13161 
16671 

4179 

5784 

7070 

9644 

14144 

19286 

24429 

29572 


6202 
7972 
9745 


19495 
26578 


40753 
47840 

8178 
10512 
12846 
17519 
26698 


444 
992 


1071 
1417 
1732 
2390 
3466 

1904 


4395 
6445 
8787 

8055 

4230 

5170 

7050 

10341 

14100 

17862 

4477 
6197 
7575 
10332 
15153 
20664 
29174 
81684 


6645 
8542 
10441 
14238 
20687 
28476 
86071 
48664 
U257 

8782 
11262 
18768 
18770 
27588 


474 

1058 

953 

1148 
1512 
1848 
2549 
3697 

2081 
2813 
3437 
4588 
6875 
9373 

3259 

4512 

5515 

7521 

11031 

15041 

19053 

4776 
6610 
8080 
11021 
16164 
22041 
27919 
38796 


7068 

9112 

11137 

15188 


80376 
88474 
46776 
64074 

0847 
12013 
14681 
20021 


584 

1190 
1072 

1285 

1701 
2079 
2868 
4159 

2284 
3165 
8867 
6174 
7734 
1054S 

8665 

6075 

6204 

8461 

1240e 

16921 

21435 

6373 
7435 
9090 
12399 
18185 
24795 
31406 


7974 
10251 
12629 
17065 
26065 
84174 
48284 
62895 
51805 

1061S 
18615 
15615 
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Nomioftl 
Sue 


8  zl6 

10  xl6 

12  zl6 

14  zl6 

16  zI6 


2  zl8 
2^x18 
xl8 
zl8 
xl8 


4 

6 

8  zl8 

10  zl8 

12  zl8 

14  zl8 

16  zl8 

18  zl8 

80  zao 


Actual 
Sue 


izISH 
izl6H 
llMzlSH 
13Hzl5H 
15Hzl5^ 


19Hzl9H 


MAXIMUM  BENDING  MOMENT,  IN  FOOT- 
POUNDS 


Fibre 

Streae 

1200  lbs. 

perSq. 

In. 


30031 


46048 
64056 
62065 

8932 
11484 
14036 
19141 
28073 
38281 
48489 
58698 
68906 
79114 


123580 


Fibre 
Streaa 

1300  lbs. 

pwSq. 
In. 


32533 
41208 
49885 
58560 
67237 

9676 
12441 
15205 
20736 
80412 
41471 
62530 
63590 
74648 
85706 
96765 

133878 


Fibre 

Streaa 

1400  lbs. 

perSq. 

In. 


85036 
44379 
53723 
63065 
72409 

10421 


16375 
22331 
32752 
44661 
66571 
68481 


92300 
104209 


144176 


Fibre 

Streaa 

1500  Iba. 

perSq. 

In. 


37538 
47548 
57560 
67569 
77581 

11165 
14355 
17545 
23926 
35091 
47850 
60612 
73373 
86133 
98892 
111652 

164475 


Fibre 

Eatress 
ItiOt}  iba. 
per  Si^, 

In. 


40041 
50719 
61397 
72075 
82753 

11909 
15312 
18715 
25521 
37431 
51041 
64652 
78264 
91875 
105485 
119096 

164774 


Fibre 
Streaa 

1800  lbs. 

perSq. 
In. 


45046 
57058 
69072 
81084 
93097 

13398 

17226 

21054 

28711 

42109 

57421 

72734 

88047 

103359 

118671 

133982 

185370 


YELLOW  PINE  COLUMNS 

Formulae  for  detennining  the  strength  <^  oolimms,  both  of  wood 
and  steel,  exist  in  untold  numbers  and  are  about  evenly  divided  between 
those  of  a  theoretical  and  an  empirical  nature.  The  formulae  for 
wooden  columns  do  not  vary  greatly  in  results  when  applied  with  a 
uniform  fibre  stress  in  compression;  and  it  is  obviously  beyond  the 
limits  of  this  book  to  consider  them  all.  For  this  reason,  two  formulae 
have  been  selected,  upon  which  various  tables  are  based,  one 
being  what  is  known  as  a  ''ourved-lins"  fobmuia,  and  the  other 

5  "miAIGHT-LINS"  FORMULA. 

Formulae 

U.  S.  Department  of  Agriculture,  Divisionfof  Forestry* 

Bulletin  No.  12. 

P=F  (70CH-15c)  +  (700-f  15c-f  c»). 

P— Ultimate  strength  in  pounds  per  sq.  in. 

F—Ultimate  cruslung  strength  of  timber. 

0— L/d. 

The  above  is  a  "curved-line"  formula. 

Winslow  Formula 

Unit-stress  per  sq.  in.=C  (1— L/80d). 

0— Compressive  strength  per  sq.  in.  with  the  grain* 

L— Length  in  inches. 

d— Least  diameter,  in  inches. 
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YELLOW  PINE  CONSTRUCTION  229 

TABLE  XXXIII 

Deflection  In  Inches  with  a  Load  of  1,000  Pounde  Uniformly  DIstrilNited 
on  Yellow  Pine  Mill  noors 

(Actual  sue) 

Made  <rf  matched  and  dreased  plank. 

In  column  headed  "L/^,  is  given  the  deflection  in  inohea  which  ia 
one-thirtieth  of  an  inch  per  foot  of  span. 

For  a  concentrated  load  of  1,000  pounds  applied  at  the  center  of 
the  span  the  deflection  is  1.6  times  that  given  in  the  tahle. 


Nominal 

Thickness 

2m. 

2Hin. 

3in. 

4in. 

5m. 

6in. 

V» 

Actual 

Thickness 

l«in. 

2Hin. 

2Mm. 

3^m. 

4J<in. 

5${in. 

4 

.2072 

.0926 

.133 

5 

.4047 

.1810 

.0960 

.0364 

.166 

6 

.6093 

.3127 

.1659 

.0630 

.0303 

.200 

7 

1.1104 

.4966 

.2634 

.1000 

.0481 

.0267 

.233 

8 

1.6572 

.7413 

.3932 

.1493 

.0719 

.0399 

.266 

9 

2.3601 

1.0654 

.5598 

.2125 

.1023 

.0569 

.300 

10 

3.2375 

1.4478 

.7679 

.2916 

.1404 

.0780 

.333 

11 

4.3090 

1.9270 

1.0221 

.3881 

.1868 

.1039 

.366 

12 

2.6017 

1.3269 

.6038 

.2426 

.1348 

.400 

13 

3.1806 

1.6870 

.6406 

.3084 

.1714 

.433 

14 

3.9727 

2.1070 

.8001 

.3852 

.2141 

.466 

15 

2.5920 

.9841 

.4738 

.2634 

.500 

16 

3.1450 

1.1943 

.5750 

.3196 

.533 

17 

1.4325 

.6897 

.3834 

.566 

18 

1.7004 

.8187 

.4551 

.600 

19 

1.9999 

.9629 

.5353 

.633 

20 

2.3326 

1.1230 

.6243 

.666 

21 

.7227 

.700 

22 

.8310 

.738 

STUD  PARTITIONS 

Table  (Ptoge  231),  pertaining  to  stud  partitiona,  gives  the  weigjit 
and  board  measure  per  lineal  foot  of  partition  in  plan,  including  asingle 
top  and  bottom  plate  <rf  same  sise  as  the  studs.  To  these  weighta 
should  be  added  the  weight  of  {riastering  or  other  wall  covering. 


r 


230    RADFORD'S  ESTIMATING  AND  OONTRACTINO 


TABLE  XXXIV 
Weight  and  Board  Measure  of  Jolet  Conetmetlon 

Board  measure  based  on  nominal  aLse. 
Weight  based  on  actual  aise. 
Add  weight  of  ceiling,  floor,  and  roof  finiah. 


Nominal 
8iM 

Aotukl 

SiM 

PBR8QUAI 

IB  FOOT  OB 

■SURFAGB 

liiiealFeet 
of  Joist 

Boaid 
Feet 

Poonde 

2x4 

•4 
•4 

l«x8H 

M 

12 
16 
20 

1.00 
.76 
.60 

.66 
.60 
.40 

1.63 

1.22 

.OS 

2x6 
•• 
•• 

iHrfH 

•4 

12 
16 
20 

1.00 
.75 
.60 

1.00 
.75 
.60 

2.58 
1.80 
1.52 

2x8 

•4 

M 
M 

iNxTH 

•4 
•• 

12 
16 
20 
24 

1.00 
.76 
.60 
.50 

1.33 

1.00 

.80 

.66 

8.88 
2.53 
2.03 
1.70 

2x10 

M 
«• 
M 

44 
•• 
44 

12 
16 
18 
20 
24 

1.00 
.75 
.66 
.60 
.50 

1.66 
1.25 
1.11 

4.28 
3.21 

2.85 
2.57 
2.14 

2xia 

iHxliH 

12 

16 

1.00 
.75 

2.00 

LAP 

5.18 
8.88 

i)\M 

2KxiiH 

12 
16 

1.00 
.75 

2.50 
1.875 

7.17 
5.38 

8.13 

2KxllH 

12 
16 

1.00 
.75 

8.00 
2.25 

8.76 
6.57 

•• 

l«xl3H 

44 

12 
14 
16 

1.00 
.857 
.75 

2.S3 

1.997 

1.75 

6.55 
6.61 
4.01 

M 

2Kxl3H 

41 

12 

14 
16 

1.00 
.857 
.75 

2.917 

2.50 

2.187 

8.41 
7.21      V 
6.30 

•« 

2Kxl3M 

12 
14 
16 

1.00 
.857 
.75 

3.50 
3.00 
2.625 

10.28 
8.81 
7.71 

2x16 

M 

l«xl6H 

44 

12 
14 
16 

1.00 
.867 
.75 

2.66 
2.85 
2.00 

7.51 
6.43 
5.63 

2>^xl6 

2Kxl6H 

4t 

12 
14 
16 

1,00 
.857 
.75 

8.83 

2.857 

2.50 

9.66 

8.28 

1        7.25 

8x16 

M 

2KX16H 

44 

12 
14 
16 

1.00 
.857 
.75 

4.00 

8.428 

3.00 

11.81 
10.12 
8.857 

4x16 

M 

SJixlSH 

44 

12 
14 
16 

1.00 
.857 

.75 

5.3S 
4.57 
4.00 

16.10 
13.80 
12.07 
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TABLE  XXXV 

Safe  Loads  on  Stud  PartHloiio 

Weight  and  strength  based  on  actual  sue  board  measuze  based  on 
nominal  siae. 

Add  weight  of  plaster  or  ceiling. 
*  Sin^e  piate  top  and  bottom  included,  same  siae  as  studs. 

Safb  Load  Basmd  on  Studs  bsino  Bbidged  at  Cbntbb. 


1 


Nomtnal 

Aetaal 

Sue 

Distonee 

Oenten, 
Inches 

Hdght. 
Feet 

PER  LINEAR  FOOT  OP 
PARTITION 

x^^nai 

Safe  TK>iid. 
Pounds 

Weight. 
Pounds 

board 
Feet 

•• 

M 

12 

(4 

8 
10 
12 

3180 
2631 

id.dO 

19.56 
22.82 

d.dd" 

8.00 
9.33 

•  • 
M 

— 

•4 

16 

4t 

8 
10 

12 

2386 
1974 

Id. 04 
15.50 
18.75 

"d.SS" 

6.33 
7.66 

"     2xd 
•* 

M 

12 
•• 

12 

4926 
4076 

&5.dd  ' 

30.56 
85.42 

16.06- 

12.00 
14.00 

•• 
** 

— 
•« 

16 

*4 

6 

10 
12 

'  432d 
3699 
3057 

24.03 
27.88 

d.do" 

9.50 
11.00 

■  j^rf 

•• 

1^ 
41 

8 
10 
12 

907d 
8250 
7422 

d4.80'^ 

41.16 

48.02 

12.50" 

15.00 

17.50 

M 

•• 
«• 

Id 

d 

10 
12 

6808 
6187 
5566 

27.44" 

32.59 

37.73 

10.00 
12.00 
13.75 

•    3x^ 

•  4 
M 

M 

12 
** 

44 

8 
10 
12 

ll82d 
10992 
10175 

42. 6d' 

50.40 

59.80 

15.00" 

18.00 

21.00 

M 
•« 

•« 

Id 

44 

8 
10 
12 

"  d86d 
8244 
7630 

33.60 
39.90 
46.20 

12.00 
14.25 
16.50 

■    *5* 

•• 
«• 

M 
M 

li 

44 
4< 

8 
10 
12 
14 

6670 
5436 
4315 

dd.80 
40.56 
47.32 
54.08 

13.33  " 
16.00 
18.66 
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ThiB  fommla  is  proposed  by  Mr.  Benj.  E.  Window,  Mem.  Am.  800. 
C.  E.I  taken  from  Window's  Tables  (McGraw-Hill)  and  is  a  "sfcraigjit- 
line"  formula  which  has  many  practical  waking  advantages  and  was 
incorporated  in  the  Chicago  Building  Ordinance  passed  December 
5, 1910. 

The  work  performed  by  wooden  columns  in  buildings  is  under  sucli 
simple  and  direct  conditions  of  loading  with  square  end  bearings  that 
the  consideration  and  use  of  the  more  complicated  theoretical  formnlae 
18  not  justified.  The  above  fonmila  has  been  extensively  and 
f aoiorily  used. 


Fig.  17.    Slngle^Stnit  Thnted  Beam. 
K 3PAN »| 

Jfcf^C^i-i- J. 


hS7>e//7y 


Fig.  18.     Double>8triJt  Trussed   Beam. 

TRUSSED  BEAMS 

Tables  XXVI  to  XL  give  the  safe  load  in  pounds  unifonnly 
distributed  on  trussed  beams  supported  at  both  ends.  Tables 
XXXVI  and  XXXVn  are  for  single-strut  trussed  beams  as 
shown  in  Fig.  17;  while  Tables  XXXVIII  to  XL  are  for  double- 
strut  trussed  beams  as  shown  in  Fig.  18,  the  upper  load  for  each 
depth  of  beam  being  for  one  rod  of  size  designated,  and  the 
lower  load  being  for  two  rods. 

The  loads  given  will  develop  the  safe  strength  of  the  rods, 
which  is  assumed  at  14,000  pounds  per  sq.  in.,  the  rods  not 
upset,  and  the  area  of  the  rod  at  the  base  of  the  thread  being 
assumed  as  the  net  area.  The  loads  given  for  two  rods  are 
double  those  given  for  one  rod,  as  the  loads  are  based  on  the 
strength  of  the  rods.    The  timbers  of  standard  sizes  are  pro* 
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TABLE  XL 
Safe  Load  in  Pounds,  Uniformly  Distributed,  on  Double-Strut 
Trussed  Beams  Supported  at  Both  Ends 
The  upper  loads  and  timber  sizes  are  for  one  rod;   the 
lower,  for  two  rods. 
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portioned  to  these  loads,  allowing  a  safe  bending  fibre  strain 
of  1.800  pounds  per  sq.  in.;  and  in  no  case  will  the  crushing 
strain  exceed  1,000  pounds  per  sq.  in. 

The  washers  at  ends  of  rods  should  have  the  following 
areas  to  provide  sufficient  bearing  on  the  timbers: 
%-in.   diameter  rod=  4.6   sq.   in.   area. 
%-in.   diameter   rod=  6.5   sq. 
1    -in.  diameter   rod=  8.5   sq. 
1%-in.   diameter   rod=r  9.9   sq.   in. 
1%-in.   diameter   rod=13.8   sq.   in. 


in. 


area, 
in.  area, 
area, 
area. 
1%-in.  diameter  rod=16.5   sq.   in.   area. 
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1^-in.   diameter   rod=r20.1   eq.   in.   area. 

1%-ln.   diameter   rod=23.5   sq.   in.   area. 

1%-in.   diameter  rod=27.1   sq.   in.   area. 

Where  double  rods  are  used,  the  washers  must  have  twice 

the  areas  given  above  and  be  made  of  steel  or  wrought-iron 

plates  of  sufficient  thickness  not  to  bend  or  shear. 

It  is  understood  that  these  beams  are  secured  against, 
lateral  deflection  by  floors,  roiofs,  or  other  means. 

The  nuts  on  the  rods  should  not  be  screwed  up  too  hard, 
as  any  initial  strain  produced  by  this  means  reduces  the  effec- 
tive strength  for  the  applied  load  by  the  amount  of  this  initial 
■train. 


STANDARD  MILL  CONSTRUCTION 

The  succession  of  heavy  flre  losses  each  year  is  the  penalty 
which  this  country  is  p&jing  for  the  erection  of  light,  cheap, 
and  poorly  designed  buildings.  The  cost  of  flre  insurance  is 
a  direct  yearly  tax  on  the  building  and  its  occupants.  It  is 
the  duty  of  those  responsible  for  the  design  of  buildings,  to 
plan  them  so  that  this  tax  may  be  the  smallest  possible,  and 
this  can  be  done  often  without  any  great  increase  in  the  cost 
of  the  building  itself. 

According  to  tests  made  by  the  Boston  Insurance  Engi- 
neering Experiment  Station,  it  has  been  clearly  shown  that, 
all  things  considered,  the  mill  or  slow-burning  type  of  con- 
struction is  to  be  recommended  for  most  factory  and  ware- 
house buildings.  In  cases  where  the  contents  will  be  extra 
inflammable  and  very  great  loss  to  life  ^  and  property  is  at 
risk,  the  extra  expense  of  the  thoroughly  fireproof  reinforced 
concrete  structure  is  warranted. 

In  order  that  there  shall  be  no  misunderstanding  of  what 
Is  meant  by  mill  tonstructlon,  we  shall  say  that  it  consists  in 
disposing  the  timber  and  plank  in  heavy  solid  masses  so  as 
to  expose  the  least  number  of  comers  or  ignitable  projections 
to  fire.  Also,  it  consists  in  separating  every  floor  from  every 
other  floor  by  flre  stops. 

The  essential  features  of  standard  mill  constihiction  are 
Illustrated  in  Fig.  19,  and  are  briefly  as  follows: 

L  The  walls  should  be  of  brick  or  concrete  block,  at  least 
'  1  ft  thick  (16  in.  for  best  work)  in  top  fitory,  and  increased 
In  thickness  at  lower  floors  to  support  additional  load.  The 
pilastered  wall  has  many  advantages,  and  is  often  preferred 
to  the  plain  wall.  Window  and  door  arches  should  be  of 
brick;  window  and  outside  door-sills  and  underpinning,  of 
granite  or  concrete. 
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2.  The  roofs  should  be  of  3-in.  pine  plank,  spiked  directly 
to  the  heavy  roof  timbers  and  covered  with  B-ply  tar  and 
gravel  roofing.  Roofs  should  pitch  ^  to  %  in.  per  foot  An 
incombustible  cornice  Is  recommended  when  there  is  ezposnre 
from  neighboring  buildings. 

3.  Floors  are  best  made  of  spruce  plank  4  in.  or  more  In 
thickness  according  to  the  floor  loads,  spiked  directly  to  the 
floor  timbers  and  kept  at  least  ^  In.  clear  of  the  face  of  the 
brick  walls.  In  floors  and  roof,  the  bays  should  be  8  to  10^ 
ft  wide;  and  all  plank  two  bays  in  length,  laid  to  break 
Joints  every  4  ft,  and  grooved  for  hardwood  splines.  Usually 
top  floor  of  birch  or  maple  is  laid  at  right  angles  to  the 
planking;  but  the  best  mills  have  a  double  top,  floor — the 
lower  one  of  soft  wood  laid  diagonally  upon  the  plank,  and  the 
upper  one  laid  lengthwise.  This  latter  method  allows  boards 
in  alleys  to  be  easily  replaced  when  worn;  and  the  diagonal 
hoards  brace  the  floors,  reduce  vibration,  and  distribute  the 
floor  load  even  better  than  the  former  method. 

Between  the  planking  and  the  top  floor  should  be  two  or 
three  layers  of  heavy  tarred  paper,  laid  to  break  Joints,  and 
each  mopped  with  hot  tar  or  similar  material  to  produce  a 
reasonably  water-tight  as  well  as  dust-tight  floor. 

Rapid  decay  of  basement  or  lower  floors  of  mills  makes 
it  desirable,  whenever  wood  Is  not  absolutely  necessary,  to 
provide  cement  floors  for  these  places.  If  wooden  floors  are 
required,  crushed  stone,  cinders,  or  furnace  slag  should  be 
spread  evenly  over  the  surface,  and  covered  with  a  thick 
layer  of  hot  tar  concrete,  on  which  is  often  laid  tarred  felt 
well  mopped  with  hot  tar  or  asphalt.  On  this  a  floor  of  2-ixL 
seasoned  plank  should  be  pressed,  nailed  on  edge  without 
perforating  the  waterprooflng  under  it,  and  the  hardwood  top 
floor  boards  nailed  across  the  plank.  Cement  concretes,  it  is 
claimed,  promote  decay  of  wood  in  contact  with  them.  If 
extra  support  is  required  for  heavy  machinery,  independent 
foundations  of  masonry  should  be  provided. 

4.  ,In  regard  to  timbers  and  columns,  it  should  be  remem- 
bered that  all  woodwork  in  standard  construction,  in  order 
to  be  slow-burning,  must  be  in  large  masses  that  present  the 
least  surface  possible  to  a  flre.  No  sticks  less  than  6  in. 
In  width  should  be*used,  even  for  the  lightest  roofs;  and  for 
substantial  roofs  and  floors,  much  wider  ones  are  needed. 
Timbers  should  be  of  sound  Georgia  pine;  and  for  sizes  up  to 
14  by  16  in.,  single  sticks  are  preferred;  but  timbers  7  or  8 
by  16  in.  are  often  used  in  pairs,  bolted  together  without  air- 
space between.     They  should  not  be  painted,  varnished,  or 
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filled  for  three  years,  because  of  danger  of  dry-rot;  and 
an  air-space  should  be  left  in  the  masonry  around  the  ends, 
for  the  same  reason.  Timbers  should  rest  on  cast-iron  plates 
or  beam  boxes,  in  the  walls,  and  on  cast-iron  caps  on  the 
columns.  j 

Beam  boxes  are  of  value,  as  they  strengthen  the  walls 
when  floor  loads  are  heavy  and  distance  between  windows 
small;  they  facilitate  the  laying  of  the  brick  and  the  handling 
of  the  beams;  and  there  is  less  possibility  of  breaking  away 
the  brick  in  putting  the  beams  in  place.  They  also  insure  a 
proper  air-space  around  beams. 

Columns  should  be  set  on  pintles,  which  may  be  cast  in  one 
piece  with  the  cap,  or  separately,  as  preferred.  Columns  of 
cast-iron  are  preferred  by  some  engineers,  and,  when  the 
building  is  equipped  with  automatic  sprinklers,  have  proved 
satisfactory,  but  are  not  so  fire-resisting  as  timber.  Wrought- 
iron  or  steel  columns  should  not  be  used  unless  encajsed  with 
at  least  2  in.  of  fireprooflng. 

One  of  the  most  important  features  of  slow-burning  con- 
struction is  to  make  each  and  every  floor  continuous  from 
wall  to  wall,  avoiding  holes  for  belts,  stairways,  or  elevators 
to  the  utmost  extent  possible,  so  that  a  fire  may  be  confined 
to  the  floor  where  it  starts.  No  well-informed  mill  owner, 
engineer,  or  builder,  therefore,  will  fail  to  locate  elevators 
and  stairs,  as  well  aS  main  belts,  in  brick  towers  or  in  sec- 
tions of  a  building  cut  ofF  by  incombustible  walls  from  all 
the  rooms  of  a  factory.  Openingsi  in  these  walls  should  be 
provided  with  fire-doors,  preferably  self-closing.  These  should 
be  hung  on  heavy,  inclined,  solid  steel  rails  at  least  3V^  in. 
by  %  in.,  and  balanced  by  a  weight  held  by  a  fusible  link. 

In  modem  practice  all  belts  and  ropes  which  may  be  used 
for  transmission  of  power  to  the  .various  rooms  are  placed 
Jn  incombustible  vertical  belt-chambers,  from  which  the  power 
Is  transmitted  by  shafts  through  the  walls  into  the  several 
rooms  of  the  factory.  There  should  be  no  unprotected  or  un- 
guarded openings  in  the  inner  walls  of  this  belt-chamber. 

TRUSS  CONSTRUCTiON 

The  principle  of  a  truss  is  theoretically  a  number  of 
straight  bars  joined  near  their  ends  by  fiexlble  Joints,  and 
arranged  so  that  all  their  internal  stresses  are  sustained  by 
Its  members,  and  only  the  vertical  pressures  (the  weights  of 
the  truss  and  its  load)  are  transmitted  to  its  abutments. 
Trusses  differ  from  solid  beams  inasmuch  as  the  weight  of 
the  truss  and  Its  load^  may  be  regarded  as  divided  into  por- 
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tions  which  are  concentrated  at  the  joints  between  the  mem- 
bers, and  wtilch  act  through  the  centers  of  gravity  of  their 
cross-sections.  So  placed,  the  stresses  caused  Jiy  them  could 
not  act  transversely  of  the  members,  as  in  a  beam,  causing 
secondary  stresses,  but  must  act  longitudinally  of  the  mem- 
bers, and  must  be  uniformly  distributed  over  their  entire 
cross-sectional  areas.  •  This  is  the  distinguishing  feature  of  all 
trusses;  while  in  a  solid  beam,  when  it  bends  under  its  load 
or  its  own  weight,  all  the  fibres  above  the  neutral  axis  are 
compressed,  and  all  those  below  are  extended,  the  resulting 
change  of  length  in  each  fibre  being  proportional  to  the  dis- 
tance of  the  fibre  from  the  neutral  axis. 

Most  of  the  trusses  in  common  use  consist  of  two  long 
members,  called  chords,  extending  the  entire  lengrth  of  the 
span,  and  connected  by  web  members,  which  are  sometimes 
all  inclined  and  sometimes  alternately  vertical  and  inclined. 
Inclined  web  members  are  called  diagonals,  such  web  mem- 
bers being  known  as  ties  and  struts.  A  member  sustaining 
tension  is  called  a  rod  or  tie;  and  one  sustaining  compression 
Is  called  a  strut  or  post;  while  one  capable  of  sustaining  both 
tension  and  compression  Is  called  a  tie  strut. 


Fig.  20.  Cheap  Planlc-Framed  Truss. 
Planlc-Framed  Truss.  A  plank-framed  truss  is  very  popular 
where  a  cheap  truss  Is  wanted  to  support  a  roof  of  say  40-ft. 
span,  as  for  a  hall.  Fig.  20  shows  a  well-designed  built-up 
truss  of  satisfactory  and  at  the  same  time  cheap  construction, 
for  such  a  purpose.  The  wind  and  snow  load  on  a  roof  of 
this  kind  is  a  factor  that  has  to  be  considered.    Such  trusses 
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wll]  prove  amply  safe  tor  a  40-ft  ispan.  They  shall  be  set  in 
IG-ft  bents.  The  expensive  large-dimension  timbers  are  not 
used,  the  dilferent  members  being  built  up  of  2  by  10  and  2 
by  12-in.  pieces,  spiked  together  to  break  Joints  as  specified 
on  the  drawing. 
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Fig.  21.    Light  Truss  for  100-Foot  Span. 

Light  Truss  for  100-Foot  Span.  In  designing  trusses  of^ 
wide  span  such  as  those  used  to  support  temporary  roofs  of' 
light  construction,  the  same  principle  of  triangulation  is  car- 
ried out  as  for  very  small  trusses.  Carpenters  sometimes 
overlook  this;  and,  in  their  amazement  at  the  width  of  span, 
trying  to  arrange  framing  adequate  to  the  task,  lay  out  a 
series  of  members  not  a  truss  at  all,  but  a  number  of  quadri* 
lateral  panels  which  offer  little  resistance  to  change  of  form, 
and  which  would  easily  be  racked  by  an  extra  force  acting  on 
one  side,  such  as  a  gale  of  wind. 

Fig.  21  shows  a  good  form  for  a  long-span  truss.  For 
the  bottom  chord  (tie-beam),  two  pieces  of  9-in.  by  4-in.,  at 
least,  will  be  necessary.  The  splicing  of  the  pieces  to  obtain 
length  enough  for  the  span  will  reduce  the  sectional  area  con* 
siderably,  and  must  be  allowed  for.  The  system  of  tension 
rods  and  struts  must  be  carried  out  carefully  as  to  Joints. 
The  blades  or  rafters  (top  chords)  should  be  of  two  pieces 
of  8-in.  by  3-in.,  blocked  and  bolted  together  at  frequent  inter- 
vals. The  sizes  of  the  other  members  are  shown  in  the  dia- 
gnun.  It  is  very  much  better  to  use  iron  rods  for  all  the 
tension  members  as  shown.    If  wood  is  used,  straps  and  bolts 
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at  top  and  bottom  of  each  member  will  be  required,  to  hold 
up  the  weight  of  tie-beam  and  thrust  of  strut  If  the  rods 
are  upset  at  the  ends,  and  a  plus  thread  cut  upon  them, 
slightly  smaller  iron  can  be  used. 

It  is  usual  to  allow  on  trusses  of  this  description  a  camber 
of  half  an  inch  for  every  ten  feet  of  span.  Five  inches  may 
seem  a  lot  for  this  truss,  but  is  none  too  much  when  the 
number  of  joints  is  considered. 


XLOHi, 


Fig.  22.    Lattice  Truss  for  Long  Spans. 


A  Lattice  Truss.  A  cheap  truss  for  broad  spans  is  the 
lattice  truss,  built  up  out  of  light  timbers  which  can  be  had 
in  any  lumber  yard.  It  is  easily  constructed.  Fig.  22  shows 
such  a  truss  of  60-ft  span.  No  unsightly  rods  are  required  to 
keep  the  side  walls  from  spreading,  since,  in  this  form  of 
truss,  the  truss  itself  acts  as  a  tie,  and,  when  properly 
anchored,  there  can  be  no  tendency  to  crowd  the  walls  out 
Six  trusses,  exclusive  of  the  ends,  will  be  sufficient  for  a 
building  80  ft  long,  which  would  call  for  a  spacing  a  little 
less  than  12  ft  on  centers. 

The  covering  for  this  form  of  roof  may  be  of  almost  any  of 
the  roofing  materials,  aside  from  the  gravel-coated,  as  the 
Inclines  at  the  sides  are  too  steep  to  stand  for  any  great 
length  of  time  the  wind  and  wash  that  the  gravel  roof  would 
be  subjected  to. 


Roof  Construction 

Types  of  Roofs.  Figs.  23  to  28  show  types  of  roofs  used 
In  ordinary  construction.  The  "lean-to"  or  "shed"  roof 
shown  in  Fig.  23  is  the  simplest  type  to  build.  An  extreme 
case  of  this  roof  would  be  the  ordinary  flat  roof  having  but 
small  slope. 

Fig.  24  shows  the  common  «{'pitch"  or  VHshaped  root  This 
Is  easily  built  and  of  relatively  low  cost 


Fig.  23.     Shed  Roof. 

The  "gambrel"  roof,  shown  in  Fig.  25,  gives  more  space 
for  the  same  span  than  the  pitch  roof,  and  is  used  where 
attic  room  is  a  feature.  A  special  type  of  the  gambrel  roof 
Is  the  "mansard"  roof,  the  difference  lying  in  the  slope  of 
the  first  pitch. 

The  "hip"  roof  shown  in  Fig.  27  slopes  back  at  the  ends 
as  well  as  at  the  sides.    When  this  type  of  roof  has  a  flat 


Fig.  24.    Pitch  Roof. 
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Fig.  26.     Mansard   Roof. 


Fig.  27.     Hip   Roof. 


top  as  shown  In  Fig.  26,  It  Is  called  a  "deck"  roof.  A  hip 
roof  is  cheaper  than  a  roof  with  gables,  and  a  deck  roof  is 
still  cheaper  for  buildings  over  30  feet  in  width. 

Slopes  or  Pitches  of  Roof.    The  "pitch"  of  a  roof  is  the 
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angle  of  slant  between  the  rafters  and  a  horizontal  plane.  A 
common  way  of  expressing  this  quantity  Is  to  give  the  ratio 
of  the  rise  of  ridge  to  the  span  of  walls,  or  the  rise  of  the 
rafters  In  Inches  for  each  foot  of  half -span.    For  Instance: 

Two-thirds  pitch  =  16  Inches  rise  In  1  foot  horizontal 

Half-pitch  =  12      "         "      "    "    " 

One-third  pitch    =    8      "         •<      «    «    « 

One-fourth  pitch  =    6      "         «      «    «    « 


Fig.  28.     Flat  Roof. 


The  lowest  pitches  for  safety,  giving  fall  In  Inches  per 
foot  horizontal.  In  shingle,  slate,  and  tile  roofs,  are  as  fol- 
lows: 

Shingles,  cedar,  4^-ln.  gauge 6  Inches 

Shingles,  cypress,  4H-ln.  gauge 6  Inches 

Shingles,  asbestos,  5-ln.  gauge 6  Inches 

Slate,  8x16x3/16  Inches,  6^-ln.  gauge 5  Inches 

Slate,  diminishing  courses   5  Inches 

Tile,  Spanish,  5^4n.  gauge 12  Inches 

Tile,  shingle,  5-ln.  gauge 12  Inches 

Tile,   Interlocking    6  Inches 

Tile,  metal,  tin  painted 6  Inches 

Tile,  metal,  copper  6  Inches 

Life  of  Roofing  l^Aaterlals.  The  average  number  of  years 
of  service  of  various  kinds  of  roofing  materials  may  be  judged 
from  the  following: 

Cedar  shingles  will  last  from  12  to  15  years;  cypress 
shingles,  30  years  or  more;  painted  tin,  about  25  years; 
while  slate,  asbestos  shingles,  and  tiles  are  practically  per- 
manent 

SHiNGLE  ROOFS 

Size  of  Shingles.  Ordinary  roofing  shingles  vary  In  width 
from  2%  to  14  Inches.  They  are  16  Inches  long,  and  about 
6/16  Inch  In  thickness  at  the  butt     Such  shingles  are  put 
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up  in  bundles  of  four  to  the  thousand,  where  a  "thousand** 
common  shingles  is  the  equivalent  of  1,000  shingles  4  inches 
wide.  Cypress  shingles  are  about  18  inches  long,  and  7/16 
inch  thick  at  the  butt 

Dimension  singles  are  either  4,  5,  or  6  Inches  in  wldth» 
and  may  be  obtained  with  the  butt  sawn  to  various  pat- 
terns. 

Method  of  Laying  Shingles.  The  amount  of  a  shingle 
which  is  exposed  to  the  weather  will  depend  upon  the  slope 
of  the  roof  and  the  kind  of  shingle.  Where  the  rise  of  the 
roof  is  8  or  10  inches  to  the  foot,  cedar  shingles  should  be 
laid  4  to  4^  inches  to  the  weather.  -If  the  rise  is  between 
10  and  12  inches  to  the  foot,  they  should  be  laid  4%  to  4% 
inches  to  the  weather;  but  on  steeper  roofs  they  may  be  laid 
4^   to  5  inches  to  the  weather. 

In  wall  work,  cedar  shingles  may  be  laid  5  inches  to  the 
weather. 

In  roof  work,  the  first  course  at  the  eaves  is  generally  a 
double  course;  but  the  other  courses  are  laid  single.  The 
courses  of  shingles  should  be  lapped  so  that  about  one-third 
of  the  length  of  the  shingle  will  be  exposed,  and  each  course 
should  be  laid  so  as  to  break  Joints  at  least  1  inch.  Bach 
shingle  is  secured  by  two  threepenny  nails  placed  about  8 
inches  from  the  butt  of  the  shingle. 

Cost  of  Shingle  Work.  Table  XLI  shows  the  number  of 
square  feet  of  roof  covered  by  1,000  shingles  when  laid  with 
different  exposures  to  the  weather. 

TABLE  XLI 
Covering  Capacity  of  Shingles 


Ezposura 

to 
Weather 

Number  of  Square  Feet  of 
Roof  Covered  by  1,000  Bhinglee 

Number  of  Shtnsles  Required 
for  100  Square  Feet  ofRoof 

4  In.  Wide 

e  In.  Wide 

4  In.  Wide 

6  In.  Wida 

Inohea 

111 

167 

900 

600 

J^ 

118 

177 

847 

665 

126 

188 

800 

634 

139 

208 

720 

480 

6H 

163 

230 

660 

437 

167 

250 

600 

400 

104 

291 

614 

843 

222 

333 

460 

300 

In  the  above  table  no  allowance  has  been  made  for  waste. 
On  plain  work,  allow  about  6  per  cent  for  waste;  and  on  ir- 
regular work,  such  as  hip  roofs  or  where  there  are  dormer 
windows,  allow  10  per  cent 
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If  54nch  dimension  shingles  are  to  be  estimated,  the  fol- 
lowing rule  may  be  followed: 

For  4  inches  to  the  weather,  multiply  the  width  (5  inches) 
by  the  exposure  (4  inches),  and  divide  14,400  (sq.  in.  in  100 
8q.  ft)  by  this  product  The  result  will  be  the  number  of 
shingles  required  for  100  square  feet  of  surfaca 

5X4  =20  square  inches; 
14,400  (sq.  in.  in  100  sq.  ft) 

=  720  shingles  in  100  sq.  ft 

.     20  sq.  in. 

If  it  is  desired  to  know  how  many  square  feet  of  surface 
will  be  covered  by  1,000  5-inch  dimension  shingles  laid  4 
inches  to  the  weather,  multiply  the  width  of  shingles  (5 
inches)  by  the  exposure  (4  inches),  and  this  again  by  1,000; 
then  divide  this  product  by  144,  the  number  of  square  inches 
in  a  square  foot 

6  X  4  X  1,000  =  20,000  sq.  in.  in  1,000  shhigles; 
20,000  sq.  in. 

■  =  139  sq.  ft  covered  by  1,000  shingles. 
144  (sq.  in.  in  1  sq.  ft) 

The  percentage  for  waste  as  indicated  above  should  be 
allowed  in  both  of  these  cases. 

720  X  1.06  »  763  shingles  (plain  work) ;  and 
1,000  —  60  (6  per  cent  of  1,000)  :=  940 
940  X  5  X  4  «  18,800 
18,800 

■  =s  130  sq.  ft  covered  by  1,000  shingles,  allowing  6  per 
144  cent  for  waste. 

Other  percentages  of  waste  may  be  figured  in  this  same 
manner. 

The  labor  charge  should  be  based  pn  1,500  to  2,000 
shingles  per  man  in  an  8-hour  day  on  plain  work,  or  1,000 
shingles  per  day  on  irregular  wark. 

The  cost  of  nails  may  be  estimated  by  allowing  5  poimds 
of  threepenny  or  7^  pounds  of  fourpenny  nails  for  each 
thousand  shingles. 

SLATE   ROOFS 

Slate  is  mined  along  the  Blue  Ridge  Mountains  in  Penn* 
sylvania,  Virginia,  Maryland;  also  in  Vermont  and  New  York. 
By  far  the  greater  bUlk  of  the  output  used  in  the  United 
States  comes  from  these  regions.    Naturally  the  cost  of  slate 
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varies  in  different  parts  of  the  country,  according  to  freight 
rates. 

As  a  general  principle,  it  may  he  said  that,  since  the 
advance  in  the  price  of  lumher  and  shingles,  a  slate  roof  can 
be  put  on  for  about  the  same  as,  or  a  little  more  than,  a 
first-ciass  shingle  roof. 

Slate  comes  in  various  colors,  genendly  classiflM  under 
the  trade  terms.  Black,  Sea  Green,  Mottled,  Unfading  Green, 
Unfading  Red.  The  last  two  are  mined  in  rather  limited 
quantities,  and  are  naturally  the  highest  in  price. 

Where  it  is  desired  to  produce  a  fancy  effect,  sometimes 
green  or  red  slate,  or  both,  are  used  in  black  slate  roofs 
to  produce  geometrical  and  other  patterns.  Ornamental  ef- 
fects are  also  produced  with  slate  all  of  the  same  color,  by 
trimming  the  exposed  comers,  either  in  every  layer  or  in 
layers  at  certain   intervals. 

Sizes  of  Slate.  The  sizes  of  slate  vary  from  6  by  12 
inches  up  to  24  by  44  inches.  The  common  sizes  in  general 
use  vary  from  6  by  12  inches  to  12  by  18  inches.  The  sizes 
best  adapted  to  plain  work  are  the  large  varieties  such  as 
12  by  16  in.  or  12  by  18  in.  For  roofs  with  small  sections 
of  area,  the  smaller  slates  are  used  to  better  advantage. 

Table  XLII  gives  the  common  sizes  of  slates  and  the  num- 
ber required  per  square  of  100  sq.  ft,^hen  a  34nch  lap  is 
used. 

Fig.  29  shows  the  method  of  determining  the  lap,  gauge, 
and  bond  in  slate  work. 

The  thickness  of  slate  varies  from  %  to  %  inch,  but  the 
usual  sizes  are  full  3/16  inch  in  thickness. 

Rules  for  Measurement.  The  following  are  the  standard 
rules  for  measuring  slate  work: 

For  Plain  Roof— Measure  the  length  of  the  roof,  and 
multiply  by  the  length  of  the  rafter. 

For  Roof  with*  Hips,  Valleys,  Gables,  Dormers,  etc. — 
Measure  each  section  through  the  center,  and  multiply  by 
length  of  rafters;  and  in  addition  to  the  actual  surface  of 
roof,  measure  the  length  of  all  hips  and  valleys,  allowing  1 
ft.  width  for  these;  also  add  in,  for  the  first  or  eave  course, 
measuring  what  this  course  shows  to  the  weather,  and  mul- 
tiplying by  the  length  of  eaves  to  get  the  area.  In  some 
localities  this  rule  is  not  adhered  to  strictly,  but  hips  and 
valleys  are  always  measured  wherever  slate  is  used. 

The  extra  measure  on  eave  course  is  to  compensate  for 
lost  time  in  starting  and  laying  the  under-course  at  the  eave. 
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which  does  not  show  or  count  In  the  surface  measure.  The 
extra  measure  on  hips  and  valleys  is  intended  to  compensate 
for  extra  labor  and  loss  of  material  in  cutting,  fitting,  and 
laying  same. 

No  deduction  is  mad^  for  dormer  windows,  skylights,  chim- 
neys, etc.,  unless  they  measure  more  than  4  ft.  square.  If 
more  than  4  ft.  square  and  less  than  8  ft  square,  one-half 
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Pig.  29.    Lap,  Gauge,  and  Bond  In  Slate  Roofing. 

is  to  be  deducted.  If  more  than  8  ft  square,  deduct  the 
whole.  The  reason  for  not  deducting  the  whole  of  all  open- 
ings,  is  the  extra  work  in  cutting  and  fitting  the  slate  and 
putting  in  the  finishings.  Hips  and  valleys  on  spires  are 
measured  extra,  same  as  above.  If  hips  are  mitered  and 
flashed,  they  should  be  charged  for  extra.  If  ridge-roll  is 
put  on,  it  is  charged  extra.  Gutters,  valleys,  and  all  flashings 
are  charged  extra. 

It  should  always  be  remembered,  in  measuring  roofs,  that 
if  the  pitch  of  the  roof  is  the  same,  size  of  building  and 
projections  the  same,  the  mere  fact  that  there  are  hips  and 
valleys  does  not  add  to  the  surface  of  the  roof.  As  an 
example:  Two  buildings  of  the  same  size  may  be  roofed^ 
one  with  plain  pitch  and  gable  roof  (that  is,  two  plain 
sides);  and  the  other  may  have  four  hips,  four  gables,  and 
eight  valleys.  If  both  roofs  are  the  same  pitch,  the  roofs 
will  measure  exactly  the  same,  and  two  measures  are  a0 
that  are  necessary  in  measuring  either — ^that  is,  the  length 


250    RADFORD'S  BSTIMATINQ  AND  CONTRACTINO 

Of  one  eave  and  the  length  over  both  rafters,  except  that  the 
extra  measure  on  hips  and  valleys  would  have  to  be  added 
on  Che  cut-up  roof. 

Method  of  Laying  Slate.  Slate  may  be  laid  either  on 
regular  sheathing,  or  on  roofing  strips  2  to  3  inches  wide 
and  1  to  1%  inches  thick,  fastened  onto  the  rafters  of  the 
building  at  a  distance  apart  corresponding  to  the  gauge 
of  the  slate. 

Where  sheathing  is  used,  a  layer  of  tarred  roofing  felt  or 
waterproofed  paper  is  placed  over  the  sheathing  to  act  aa 
a  cushion  for  the  slata 
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Pig.  30.     Usual   Method  of  Marking   Headlines,   Previous  to 
luiying  Slate. 

Slating  is  started  at  the  eaves,  working  upward,  and  laid 
with  a  3-inch  lap.  That  is,  the  top  slate  of  the  third  course 
above,  will  overlap  by  3  inches  the  slate  of  the  first  course 
below,  as  shown  by  Fig.  30.  For  this  reason  the  eave  course 
is  only  a  little  longer  than  half  the  length  of  the  slate  put 
on  the  rest  of  the  roof.  This  is  frequently  accomplished  by 
laying  the  slate  in  the  eave  course  lengthwise.  The  lower 
end  of  this  eave  course  slate  should  extend  about  IH  Inches 
or  so  beyond  the  eaves,  and  the  course  of  slate  should  end 
flush  with  this  edge,  thus  producing  a  double  layer. 

In  this  manner  there  Is  a  double  layer  of  slate  all  over 
the  roof,  and  a  threefold  layer  near  and  over  the  horizontal 
Joints.    As  to  vertical  Joints,  the  rows  always  break  bonds. 

A  good  practice  is  to  trace  out,  with  a  carpenter's  pencil 
or  chalk,  the  lines  along  the  roof  surface  where  the  vanoua 
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are  to  be  nailed  to  the  rafters  or  the  sheathing,  as 
shown  by  Ftg.  30. 

In  order  to  allow  the  second  course,  the  one  above  the 
eave  conrse,  and  naturally  all  the  foUowlng  courses,  to  lie 
right*  it  is  well  to  nail  a  cant  strip  along  the  eaye  before 
starting  to  slate. 

Each  slate  is  fastened  with  two  3d.  or  4d.  nails;  the 
holes  therefor  being  punched  by  the  roofer  on  the  premises 
or  else  at  the  quarry.  A  foot-power  slate-punching  machine 
will  punch  the  nail-holes  and  at  the  same  time  trim  the  cor- 


Fig.  31.    Method  of  Slating  in  Open  Vailey. 


ners.  These  machines  are  easily  portable,  and  are  frequently 
carried  around  to  the  various  building  premises  by  the  slater. 
The  holes  are  naturally  so  located  as  to  allow  for  the  3-lnch 
lap,  no  matter  what  the  size  of  the  slate,  and  placed  about 
1  inch  from  the  side  edges. 

The  nails  should  not  be  driven  perfectly  tight;  this  is  so 
as  not  to  interfere  with  the  elasticity  of  the  slate  roof. 
Owing  to  its  many  small  component  pieces,  it  adapts  itself 
readily  to  the  vibrations  of  the  wind,  the  sagging  of  the 
building,  etc. 
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Of  course  the  nail  most  not  be  allowed  to  project  above 
the  surface  of  the  slate,  in  which  case  it  would  damage 
the  overlying  slate.  Galvanized  or  copper  nails  are  prefer- 
able, owing  to  their  weather  resistance. 

As  the  courses  of  slate  approach  the  ridge,  a  slight  variar 
tion  in  lap  is  permissible  so  as  to  finish  at  the  ridge  without 
cresting. 

The  ridges  and  valleys  of  a  slate  roof  are  generally  of 
metal.  Flashings  should  extend  well  in  under  the  slate  to 
keep  out  the  possible  "back-flow"  of  water  from  heavy  raina. 
Fig.  31  shows  method  of  slating  in  open  valley. 

The  top  course  of  slate  on  the  ridge,  as  well  as  the  slate 
for  2  or  3  feet  from  gutters  and  at  least  1  foot  from  valleys 
and  hips,  should  be  set  in  elastic  cement 

Cost  of  8iate  Roofs.    The  cost  of  slates  will  vary '  with 

TABLE  XLII 
Number  of  Slates  and  Nails  for  100  Square  Feet  of  Roof 


Inches 


14x24 
12x24 
12x22 
11x22 
12x20 
10x20 

12x18 

10x18 

9x18 

12x16 

10x16 

0x16 

8x16 

10x14 

8x14 

7x14 

8x12 

7x12 

6x12 

8x10 

7x10 

6x10 


Ezpoflure 

wbfln  Laid 

Inches 


Number  to 
100  So,  Ft., 
3-In.  Lap 


08 
114 
126 
138 
141 
170 

160 
192 
213 
185 
222 
246 
277 
261 
327 
374 
400 
457 
533 
514 
688 
686 


Weight  of 

Galvanised 

Nails 

Pounds 


4d 


3d 


of  Lai 


To  determine  the  number  of  pieces  to  a  square  of  any 
size  slate  not  given,  first  deduct  3  inches  from  the  length; 
divide  this  by  2;  multiply  by  the  width  of  slate;  and  divide 
the  result  into  14,400. 

For  example,  for  20xl0-in.  slate,  we  should  calculate  afl 
follows:  20  —  3  =  17;  17  ^  2  =  8H:  8^  X  10  a  85;  14.400 
-^  86  :=  170  pieces  required  per  square. 
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the  locality  where  bought,  and  the  size,  color,  and  quality 
of  materiaL  Medium  sizes  cost  the  most,  while  the  larger 
and  smaller  sizes  cost  the  least  The  cheapest  roof  is  made 
from  the  larger  sizes. 

The  labor  charge  may  be  based  upon  1^  to  2  squares  of 
slate  per  day  of  10  hours  per  man. 

Where  elastic  cement  is  used,  the  cost  of  that  part  of 
the  roof  which  is  laid  in  cement  will  be  increased  $1.50  or 
$2.00  per  square. 

Table  XLII  shows  the  sizes  of  slate  and  the  number  of 
pieces  per  square  of  roof;  the  exposure  to  the  weather  on 
the  roof  when  laid  with  standard  3-inch  lap;  the  quantity 
of  nails  needed  per  square;  and  the  spacing  of  lath  used 
In  laying. 

TABLE  XLII  I 
Weight  off  Slate  Required  for  One  Square  off  Rooff 


Length 

Weight  in 

PotTNDSy  FXa  SqUABX,  FOa  TBB  TmCKNBBB. 

1 

Inches 

Hin. 

Ain. 

Jiin. 

«in. 

Hin. 

H^ 

Jiin. 

lin. 

12 

480 

725 

968 

1450 

1938 

2420 

2900 

3870 

14 

460 

688 

020 

1370 

1845 

2300 

2760 

3686 

16 

445 

668 

800 

1336 

1786 

2230 

2670 

3568 

18 

435 

650 

870 

1305 

1740 

2175 

2608 

3480 

20 

425 

638 

850 

1276 

1705 

2130 

2555 

3408 

22 

418 

625 

836 

1255 

1675 

2094 

2508 

3350 

24 

412 

616 

825 

1238 

1655 

2066 

2478 

3307 

26 

408 

610 

815 

1222 

1630 

2039 

2445 

3265 

TABLE  XLIV 
Weight  off  Slate  per  Square  Foot 


Thickneoa  (In.) 

H 

2.70 

3.62 

H 

H 

9.06 

H 
10.9 

I 

Weight  (Lbs.) 

1.80 

5.47 

7.25 

14.5 

TIN   ROOFING 

Kinds  and  Sizes  of  Plates.  Tin  plates  for  roofing  are 
made  by  coating  flat  Iron  or  steel  sheets  with  tin  or  with 
an  amalgam  of  lead  and  tin.  The  tin-coated  plates  are  re- 
ferred to  as  bright  tin  plate;  and  these  coated  with  the  mix- 
ture or  amalgam  are  called  terne  plate.  Teme  plates  should 
not  be  naed  on  a  roof  if  corrosive  gases  are  present  in  the 
air. 


TABLE  XLV— Flat-Seam  Tin  Roofing— Number  of  14x20-lfi. 
Sheets  Required  to  Cover  Various  Areas. 
A  sheet  of  14  by  20-in.  with  H-in-  ederes  measures,  when 
ed^ed  or  folded,  13  by  19  in.,  or  247  sq.  In.;  but  its  covertns  ca- 
pacity when  Joined  to  other  sheets  on  the  roof  is  only  12  H  by 
18  Vk  in.,  or  281.26  sq.  In.  In  the  following  all  fractional  parts 
of  a  sheet  are  counted  a  full  sheet.  


KoToCflqwiefeK.. 
Slwets  itquitBd. ... . 


Ko-offlqwiefcet.. 
SbeeUff     ' 


No.  o(  aqoan  feet.  ,-.>  ^ 


No.  o(  eqtiue  feet. . 


No.  of  tquaiefeet.. 
Sheets  requiied.... 


No.  of  square  feet. . 
Sheets  raiQifed. . . . 


Na  of  square  feet. . 
Sheets  itxjuired. . . . 


No.  of  square  feet. .. 
Steeurequind..:. 


No.  of  square  feet. . . 
Shwts  required. ... 


9y> 


•5? 

xSfi 
360 

*u 

4?o 

S«o 

36a 

690 

430 

Bo» 
499 

910 

S67 


■573 


599 


586 


•3x8 

6ao 
386 

79> 
455 

*¥> 
5*3 


59« 


X90 


5»» 
3M 

393 

8so 
^590^ 


3» 


S9» 
3J» 


39 

8fo 

538 


A  bos  of  iza  sheda  14"  s  *o^  laid  in  Uds  way  will  oore^  180  s 

Flat-Seam  Tin  Roofing — Numbc    of  28x20-1  n.  Sheets  Required 

to  Covei   Varicu.*  Areas 

The  flat  seams  edsred  V&  In.  tak>.  1%  in.  off  the  length  and 
width  of  the  sheet.  The  coverlnb  capacity  of  each  sheet  is 
therefore  26^   by  18%.  or  490.25  sq    in 


No.  of  square  feet.. 
Shasta  required.... 


No.of*sqnarefe(t..i 
Sheets  required. . 


No.  df  square  feet.. 
Sheets  required. . . . 


No.  of  square  feet. . 
Slieets  required .... 


No.  of  square  leet.. 
Sheets  required..... 


No.ofs, 
Sheets  required. 


Naofs 

Sheeurequb^.. 

No.  of  square  feet. 
Sheets  required .... 


No.  of  square  leM. 


A  hoc  ol  IIS  sheets  a 


100 

9> 

SIO 

lao 

36 

130 

t40 
4» 

ISO 
45 

160 
47 

170 
SO 

180 
53 

•s 

soo 
99 

axo 
6a 

sso 

6s 

'& 

<40 
71 

aso 

74 

ate 

77 

•e 

s8o 

83 

IS 

1; 

3» 

9» 

3» 
94 

330 
97 

340 

100 

350 
IQS 

X06 

370 
109 

380 

xia 

390 
"5 

JS 

4«0 
ESS 

430 
ia7 

440 

130 

4$o 
135 

460 
136 

470 
«39 

480 
»4» 

490 
14« 

SOD 
147 

Sxo 
ISO 

5» 
153 

5 

540 

«S9 

f**? 

560 
16s 

57© 
168 

580 

«7t 

590 
X74 

600 
177 

4io 
180 

6ao 

X83 

t£ 

ts 

650 
191 

660 

X94 

670 
197 

680 

SCO 

690 
ao3 

IS 

710 
S09 

7«o 

SIS 

730 
*XS 

m 

an 

Tte 

770 
aaj 

780 
ajo 

790 

'33 

8qo 
a35 

810 

^38 

8ao 
•4» 

830 
H4 

840 

«47 

•8» 

•» 

% 

880 
«S9 

^ 

^s 

9to 
i68 

9» 

871 

93© 
•74 

V40 
»77 

!S 

a 

tS 

tn 

990 
»9« 

xooo 
<94 

s  so"  laid  ia  this  i>ay  wffl  cow  381  •«.  11^ 

2 

54 
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The  two  common  sizes  of  tin  plates  are  14  by  20-in.  and 
20  by  28-in.  Although  tin  sheets  are  made  In  seyeral  thick- 
nesses, the  two  common  gauges  are  the  IC,  or  No.  29  gauge, 
weighing  8  ounces  to  the  square  foot;  and  the  DC,  or  No.  27 
gauge,  weighing  10  ounces  to  the  square  foot  The  standard 
weight  of  a  box  of  112  sheets  of  the  14  by  20-in.  size,  is  10& 
pounds  for  the  IC  plates,  and  136  pounds  for  the  IX. 

Methods  of  Laying  Tin  Roofing.  There  are  two  general 
methods  of  laying  a  tin  roof.  The  flat  seann  method  has  the 
Bheets  of  tin  locked  into  each  other  at  the  edges,  with  the 
seam  either  flattened  and  fastened  with  tin  cleats,  or  nailed 
firmly  and  soldered  water-tight  In  flat  roof  work,  the  tin 
should  be  locked  and  soldered  at  all  Joints,  and  should  be 
teld  in  place  by  tin  cleats. 

Flat  seams  are  used  on  roofs  of  less  than  one-third  pitch, 
while  the  rooflng  sheets  should  be  of  the  14  by  20-in.  size. 
In  flat  seam  work,  1-in.  barbed  and  tinned  rooflng  nails 
■hould  be  used,  spaced  not  oyer  6  inches  apart 

Standing  seams  are  used  on  steep  roofs,  or  on  roofs  over 
one*third  pitch.  In  this  type  of  seam,  the  sheets  are  double- 
seamed  and  soldered  together  into  a  long  strip  that  will 
reach  from  eaves  to  ridge.  The  "upstands"  for  the  standing 
seams  are  left  on  the  up-an-down  sides,  parallel  to  the  slope 
of  the  roof.  These  are  interlocked  and  held  in  place  by 
cleats,  but  are  not  soldered. 

Before  laying  the  tin,  one  or  two  layers  of  tar  paper 
should  be  placed  over  the  sheathing. 

The  under  side  of  all  sheets  should  be  painted  before 
laying.  A  paint  for  this  purpose  may  be  made  in  the  propor- 
tion of  10  pounds  of  Venetian  red  and  1  pound  of  red  lead 
to  1  gallon  of  pure  linseed  oil 

Cost  of  Tin  Rooflng.  Tables  XLV  and  XLVI  show  the  cov- 
ering capacities  of  rooflng  tin.  using  flat  and  standing  seams, 
for  both  the  14  by  20-in.  and  the  20  by  28-in.  sizes.  Table 
XLJX  gives  the  cost  of  rooflng  material  per  square  foot  of 
roof  when  tin  is  of  a  given  price  per  box.  These  tables  are 
reproduced  by  courtesy  of  the  N.  &  Q.  Taylor  Company,  of 
Philadelphia,  Pa. 

Tin  in  Rolls.  For  the  convenience  of  roofers  and  for  rush 
orders,  tin  is  put  up  in  rolls  14,  20,  or  28  inches  wide.  Bach 
roll  contains  108  sq.  ft  (about  63  linear  feet,  28x20-in.  sheets 
laid  20  in.  wide).  The  tin  is  painted  one  side  or  both  sidea 
as  wanted,  with  good  metallic  brown  paint  Seams  are  care- 
fully soldered  by  hand. 


TABLE  XLVI— Standi ng-Seam  Tin   Roofing— Number  of  14x 
20-1  n.  Sheets  Required  to  Cover  Various  Areas 

The  standlns:  seams,  edged  1%  In.  and  1^  In.  take  2%  In. 
off  the  width;  and  the  flat  cross-seams,  edged  %  In.  take  1  %  In- 
off  the  length  of  the  sheet.  The  coveringr  capacity  of  each  sheet 
Is.  therefore.  11^  by  18%.  or  212.34  sq.  In.  In  these  tables  frac- 
tional parts  have  been  counted  as  a  full  sheet. 


3to 
ttt 

as 


No.  of  iQttftK  feet. ... .  <  • 
Sbeets  requirBd 


No.  of 


No.  of  •qtare  fcel.**««M« . . 
Accts  rajuired. .  «#«••«••• . 

No.  of  aqittK  feet. .  «M^ « . . 
Sheets  r<e(|iiind. ..'.'.««« •'  •• 

NoLof 


100 

68 

no 
75 

xao 
8s 

% 

140 

■95 

ISO 

tOJ 

x6o 
109 

xe6 

180 
lata 

190 

i»9 

no 

M3 

aao 

ISO 

IJO 

156 

X 

aso 
170 

360 
177 

u: 

190 

«90 

«97 

300 

M4 

in 

130 

9*4 

340 
aji 

J5 

3<o 
«4S 

370 
asi 

^ 

51 

4fio 
»7« 

410 

»79 

430 
»9* 

440 

89? 

55 

460 
3" 

470 
3«9 

480 
ja6 

490 
333 

Soo 
340 

ss 

353 

IS 

374 

S6o 
379 

in. 

580 
393 

590 
401 

600 
407 

610 
414 

610 
4*1 

s 

6so 
44X 

Mo 
447 

670 
4S5 

6la 
«6. 

S 

700 
475 

7to 
48a 

'£ 

730 
495 

901 

770 
5*3 

780 
5*9 

ss 

800 
543 

810 
550 

8ao 
557 

t 

&40 
570 

8so 
577 

870 

S90 

880 

S97 

890 

604 

s? 

'>!! 

6»3 

930 
6jo 

940 
637 

z 

t 

tt, 

sn 

1000 
679 

% 


ASS 


7S» 

sag 


97; 

6st 


A  bos  of  iia  ibeets  14"  x  io"  Uid  in  this  w^y  will  cover  163  sq.  fL 

Standing-Seam  Tin  Roofing — ^Number  of  28x20-ln.  Sheets  Re- 
quired to  Cover  Various  Areas 

The  standing:  seams  take  2%  In.  off  the  width,  and  the  flat 
cross-seams,  edgred  %  in.,  take  1%  in.  off  the  lengrth  of  the 
sheet.  The  covering:  capacity  of  each  sheet  is.  therefore.  25^ 
by  18%  In.,  or  463.6  sq.  in.  In  these  tables  fractional  parts  are 
counted  as  full  sheets. 


Mb.ofiquArefeet.. 
Sheets  reqaiied...'. 


NOw  CI  aqtMn  feet.  ..t«t**** 
SbeHi  WQujifwi.  ..»»»»«>».» 

Noiof  M|veK  ieeC«<«i*«o' 


•i»*«t««^ 


oftquweleeL...^., 


Ntk^imneject. v 

nDwoffQDtvt  fees.  ••••••*•• 


Ho.6[ 


too 
3» 

tio 
6S 

t09 

4J0 
«34 

•I* 

980 
90s 


«37 


•74 


•86 


«55 


X70 
S3 

a8o 

87 

390 
i«z 

soo 
iS6 

6to 
190 

•7*0 


Its 


3» 
99 

4S» 


79BI 
«3* 


9I» 


^  tS"  s  to".  vIB  cover  360  iJiaifv-fNt 
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Sheets  14  by  2a-in.  can  be  laid  either  the  long  or  short 
way.  The  best  roof  is  made  by  laying  the  sheets  the  14-ln. 
way;  similarly,  in  laying  28  by  20-ln.,  always  lay  the  20-in. 
way,  i.  e.,  the  short  dimension  crosswise. 

TABLE  XLVll 
Tin  In  Rolfs,  or  Gutter  Strip 


Number  of  sheets  required 

per  lineal  foot  for  20-in.  and  28- 

In.  widths 

WIDTH 

Wmn 

WIDTH 

Foei 

WIDTH 

WIDTH 

,   Pcd 

Feet 

ao 

a8 

ao 

aS 

aa 

38 

ae 

a8. 

t 

1 

35 

16 

«3 

69 

3« 

44 

a 

89 

laS 

a 

a 

36 

z6 

>3 

70 

3» 

45 

3 

*^ 

Z9a 

3 

a 

U 

t7 

*4 

71 

3a 

:i 

4 

178 

as6 

4 

3 

U 

U 

7a 

34 

1 

aaj 

^?* 

1 

4 

39 

'd 

73 

33 

47 

a67 

384 

4 

40 

18 

74 

33 

^ 

I 

*!f 

444 

I 

5 

4Z 

«9 

97 

U 

.  34 

356 

Sza 

1 

4a 

X9 

2 

7!6 

34 

48 

•9 

40Z 

^ 

9 

43 

ao 

li 

35 

49 

to 

445 

16 

7 

44 

ao 

a8 

^ 

50 

zz 

495 

704 

tl 

1 

2 

ao 

99 

P 

50 

la 

768 

l> 

az 

•9 

80 

36 

51 

13 

f^ 

8isa 

13 

9 

47 

•^ 

30 

8z 

36 

5a 

•14 

% 

«4 

9 

48 

9t 

31 

8a 

37 

5.a 

«5 

«75 

IS 

10 

49 

n 

^i 

53 

37 

53 

z6 

7ao 

'^ 

i6 

iz 

SO 

n 

3» 

84 

38 

5i 

17 

ti 

17 

II 

S« 

n 

33 

85 

38 

54 

z8 

"5a 

■8 

za 

s» 

«4 

J3 

86 

39 

55 

19 

S55 

zaz6 

K9 

la 

S3 

M 

34 

U 

39 

II 

ao 

900 

aaSo 

ao 

«3 

54 

H 

34 

40 

az 

945 

1344 

ai 

zo 

U 

?l 

«S 

^1 

89 

40 

57 

3i 

990 

t408 

99 

to 

X4 

S6 

'5 

*i 

90 

40 

57 

93 

531 

un 

»3 

II 

>S 

57 

a6 

3* 

9» 

«x 

58 

H 

ZOOO 

«4 

II 

'J 

5S 

a6 

^ 

9a 

4« 

59 

'A 

"35 

•1 

la 

16 

2 

a? 

93 

4a 

59 

1170 

1664 

a6 

la 

'Z 

60 

S 

38 

94 

4a 

60 

ri 

zais 

1738 

«7 

la 

18 

6z 

39 

U 

43 

6z 

a 

za6o 

Z79a 

as 

13 

18 

6a 

a8 

¥> 

43 

6a 

'9 

1305 

z8s6 

«9 

»3 

19 

^3 

a8 

¥> 

H 

44 

6a 

y> 

IJ50 

i9ao 

30 

U 

19         04 

«9 

41 

98 

44 

63 

31 

K395 

US 

3« 

14 

ao        6s 

89 

4t 

99 

44 

S* 

3a 

X440 

3» 

«s 

az        66 

30 

4a 

100 

45 

64 

33 

X485 

azza 

S3 

.'1 

"   a 

9>          43     1 

3.    _SJ 

34 

1530 

az7f 

34 

aa        68 

35 

X575        aa4U 

TABLE  XLViII 

Cost  of  Tin  In  Rolls,  or  Gutter  Strip 

Labor,  solder,  paint,  rosin,  and  other  materials  not  included. 


CMperbo^  (at^sa^O 
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CnatpcrlioMl'IfeQt,  atf'wtdc  ..'... 

Izaoo 
.OS7H 
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•04435 
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s 
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II6.00 
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#18.00 
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.07a56 

#19.00 

•1^53 
.07<$9 

#aaoo 
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A  box  of  112  sheets  In  28-iiich  roll  will  cover  175  linear  feet. 


M 

20 

it                               ti 

248 

M 

14 

«                              «( 

350 

M 

10 

f«                              <« 
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TABLE  XLIX 

Cost 

of  Tin  for  Standing-Seam  Roofing 

Size  of  sheets, 

28  by  20  inches. 

When  ttn  costo  per  box 

S.S.  RoofiAg  cosu  per  sq.  ft . 

When  tin  coftU  per  box.  ....•  > 
S.  S.  Roofing  costs  per  sq.  f  L., 


When  tin  costs  per  box 

S.  S.  Roofing  costs  per  sq.  ft: . 

When  tin  costs  per  box 

S.  S.  Roofing  costs  per  sq.  ft. 
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71m  above  ntimatw  do  not  include  mt  of  laying. 

The  cost,  using  14  by  20-in.  sheets,  will  amount  to  about 
25  per  cent  more  than  the  cost  using  28  by  20-in.  size,  owing 
to  the  greater  number  of  seams;  hence  more  tin»  solder, 
cleats,  and  work  are  necessary. 

Labor  in  Piacing  Tin.  Two  good  average  workmen  will 
put  on  and  paint  about  3  squares  of  tin  roofing  in  a  day  of 
8  hours.  In  measuring  up  work,  skylights  or  other  openings 
under  100  sq.  ft.  in  area  are  not  deducted,  since  the  work  of 
laying  around  these  openings  will  offset  the  saving  in  ma- 
terial. 

Where  28  by  20-in.  tin  sheets  are  laid  with  flat  seams,  an 
allowance  of  5  pounds  of  solder,  1  pound  of  rosin,  and  1  to 
1^  pounds  of  roofing  nails  should  be  made  per  square  of 
root  If  14  by  20  in.  sheets  are  used,  allow  about  7^  pounds 
of  solder  per  square  of  roof. 

TAR  AND  GRAVEL  ROOFS 

Tar  and  gravel  roofing  is  made  by  placing  a  layer  of 
sheathing  paper,  then  several  layers  of  roofing  felt  on  the 
sheathing,  and  firmly  nailing  in  place.  On  temporary  struo 
tures  three  coats  are  often  used;  but  in  regular  construction 
not  less  than  four  layers  are  used,  and  often  five  or  six.  The 
sheets  of  felt  are  lapped  and  laid  so  as  to  break  Joints  at 
all  parts  of  the  roof.  The  laps  are  mopped  with  tar  and 
securely  cemented  together.  Finally  the  entire  surface  is 
covered  with  a  thick  coating  of  hot  tar,  which  is  then  coy* 
ered  with  a  layer  of  clean  gravel  that  has  been  screened 
through  a  %-in.  mesh  screen. 
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Laying  Tar  and  Qravel  Roofs.  Since  the  details  of  laying 
tar  and  gravel  roofing  vary  to  a  considerable  extent,  only  one 
plan  will  be  outlined.  This  method  is  suggested  by  the  Bar- 
rett Manufacturing  Company,  and  is  frequently  referred  to  as 
the  "Barrett  Specification": 

Over  the  entire  roof  shall  be  laid  a  6-ply  coal-tar  pitch  felt 
and  slag  or  gravel  roof  to  be  constructed  as  follows: 

The  rosin-sized  sheathing  paper  to  be  used  shall  weigh 
not  less  than  6  pounds  per  100  square  feet. 

The  felt  shall  weigh  not  less  than  14  pounds  per  100 
square  feet,  single  thickness. 

The  pitch  shall  be  the  best  quality  of  straight-run  coal-tar 
pitch  distilled  directly  from  American  coal-tar;  and  there 
shall  be  used  not  less  than  120  pounds  (gross  weight)  per  100 
square  feet  of  completed  roof. 

The  nailing  shall  be  done  with  threepenny  barbed  wire 
roofing  nails  driven  through  tin  discs. 

The  slag  or  gravel  shall  be  of  such  a  grade  that  no  par- 
ticles shall  exceed  %  inch  or  be  less  than  %  inch  in  size. 
It  shall  be  dry  and  free  from  dust  or  dirt.  In  cold  weather  it 
must  be  heated  immediately  before  using.  Not  less  than  300 
pounds  of  slag  or  400  pounds  of  gravel  shall  be  used  per  100 
square  feet 

The  materials  shall  be  used  as  follows: 

First,  lay  one  thickness  of  rosin-sized  sheathing  paper,  lap- 
ping each  sheet  1  inch  over  the  preceding  one,  and  nailing 
only  so  often  as  may  be  necessary  to  hold  in  place  until  cov* 
ered  with  the  tarred  felt;  and  the  nailing  may  be  omitted 
entirely  if  practicable. 

Over  the  rosin-sized  sheathing,  lay  two  full  thicknesses  of 
tarred  felt,  lapping  each  sheet  17  inches  over  the  preceding 
one,  and  nailing  along  the  exposed  edges  of  the  sheets  only 
so  often  as  may  be  necessary  to  hold  the  sheets  in  place  until 
the  remaining  felt  can  be  applied. 

Over  the  entire  surface  of  the  felt  thus  laid,  spread  a 
uniform  coating  of  pitch  mopped  on.  Then  lay  three  full 
thicknesses  of  felt,  lapping  each  sheet  22  inches  over  the  pre- 
ceding one,  and  nailing,  as  laid,  every  three  feet,  not  more 
thfln  10  inches  from  the  upper  edge. 

When  the  felt  is  thus  laid  and  secured,  mop  with  pitch 
the  full  width,  of  20  inches  under  each  lap.  Then  spread  over 
the  entire  surface  of  the  roof  a  uniform  coating  of  pitch* 
Into  which,  while  hot,  embed  slag  or  gravel. 

When  ibis  roof  is  to  be  laid  over  hydraulic  cement  con* 
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Crete,  as  In  fireproof  constracUon,  omit  the  rosin  sheathing 
paper,  and  in  its  place  coat  the  concrete  with  hot  pitch. 

Pitch  of  Tar  and  Gravel  Roofs.  In  hot  climates,  a  gravel 
roof  should  not  have  a  pitch  of  less  than  %  or  more  than  % 
inch  to  the  foot;  while  in  cold  or  damp  climates  the  pitch 
should  be  from  %  to  1  inch  per  foot. 

Cost  of  Tar  and  Gravel  Roofs.  The  quantities  of  material 
used,  and  the  cost  of  labor,  will  depend  upon  the  method  em- 
ployed in  laying  a  root  The  amounts  of  paper,  felt,  tar,  and 
gravel  for  the  Barrett  type  of  roof  may  be  taken  from  the  pre* 
ceding  specifications,  while  other  specifications  require  from 
8  to  10  gallons  of  tar  and  about  1/6  of  a  cubic  yard  of  gravel 
for  each  100  square  feet  of  roof. 

To  comply  with  the  Barrett  specifications,  the  materials 
needed  for  each  100  square  feet  of  completed  roof  are  approxi- 
mately as  follows: 

Sheathing  paper 108  square  feet 

Tarred  felt 80  to  85  pounds 

Pitch  120  to  160  pounds 

Grayel    400  pounds 

or 
Slag    300  pounds 

In  estimating  the  felt  needed,  the  average  weight  is  prac- 
tically 15  pounds  per  100  sq.  ft,  single  thickness;  and  about 
10  per  cent  additional  is  required  for  laps. 

In  estimating  pitch,  the  weather  conditions  and  expert 
ness  of  the  workmen  will  afTect  the  amount  necessary  for 
the  moppings  and  to  properly  embed  the  gravel  or  slag. 

CORRUGATED  STEEL  ROOFING 

The  regular  sizes  of  corrugations  on  standard  sheets  are 
3»  2^,  1%,  %,  and  3/16-inch.  These  distances  are  measured 
from  center  to  center  of  corrugations.  The  standard  sheets, 
of  all  widths  of  corrugation,  are  made  so  that  the  distance 
between  centers  of  the  outer  corrugations  is  about  24  inches. 
The  sheets  with  2^-in.  corrugations  are  28  in.  wide  before 
corrugating,  and  26  in.  after.  These  sheets  will  cover  a  width 
of  24  in.  with  a  side  lap  of  one  corrugation,  and  about  21^ 
in.  with  a  side  lap  of  two  corrugations. 

Standard  lengths  of  sheets  vary  from  5  to  10  feet  by  6-inch 
lengths.    The  8-foot  length  is  the  one  most  commonly  used. 

Method  of  Laying  Corrugated  Steel.  Corrugated  steel  may 
be  laid  on  sheathing,  nailing  strips,  directly  on  purlins  prop* 
erly  spaced,  or  on  a  steel  framework.    Where  sheathing  or 
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XABLEL 

Number  of  Square  Feet  off  Corrugated  Sheets  to  Cover  100  Square 
Feet  of  Roof 
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timber  eonBtmction  is  used,  S-penny  barbed  roofing  nails  2^ 
inches  long  may  be  used  for  fastening  the  sheets.  If  steel 
framework  is  used,  the  sheets  may  be  held  in  place  by  means 
of  nailing  strips  fastened  to  the  steel,  by  clinch  nails,  by 
clips  and  bolts,  or  by  straps  made  of  No.  18  gauge  steel,  %-in. 
wide,  held  in  place  by  two  3/16-in.  stove  bolts  %4n.  long. 

When  sheets  are  nailed  in  place,  a  nail  is  placed  at  every 
alternate  corrugation  at  the  ends  of  the  sheets,  and  about  8 
in.  apart  at  the  sides. 

Clinch  nails,  straps,  and  clips  are  placed  from  8  to  12  in. 
apart  at  the  ends  pf  the  sheets;  while  the  side  laps  are  held 
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by  rivets  spaced  about  8  in.  apa«t  for  roof  work,  and  about 
24  in.  apart  in  sides  of  buildings. 

The  laps  of  sheets  should  be  at  least  6  in.  at  the  ends  In 
roof  work,  and  4  in.  for  work  on  the  sides  of  building. 

Cost  of  Corrugated  Steel  Roofs.  Tables  L  and  U  show  the 
number  and  weight  of  corrugated  sheets  of  dilferent  slse  pec 
square  of  100  sq.  ft  of  roof;  while  Table  LII  may  be  used 
to  determine  the  number  of  nails  needed  to  lay  a  given  area 
of  roof  after  the  number  of  sheets  of  metal  are  known  and 
the  number  of  nails  per  sheet  estimated. 

Labor  on  roofs  may  be  estimated  on  the  basis  of  10 
squares  of  roof  per  day  of  10  hours  for  one  man  and  his 
helper. 

Galvanizing  sheet  iron  adds  about  2^  ounces  to  its  weight 
per  square  foot  Black  sheets  weigh  about  2  pounds  less  per 
100  square  feet  than  painted  sheets. 

TABLE  LII 
Number  of  Barbed  Roofing  Nails  In  One  Pound 
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Where  steel  frame  and  corrugated  sheets  are  used,  the 
following  will  be  of  use  in  determining  the  size  of  nails  and 
number  of  pounds  needed:  For  2  by  24n.  angles,  use  4-in. 
clinch  nails,  48  nails  per  pound;  for  2 Mi  by  34n.  angles,  use 
5-in.  clinch  nails  38  nails  per  pound;  for  3V^  by  3V^-in.  angles, 
use  &-in.  clinch  nails,  32  nails  per  pound. 

When  rivets  are  needed  for  closing  the  side  laps»  copper 
rivets  weighing  about  6  pounds  per  1,000  rivets,  or  soft  gal* 
vanized  iron  rivets  weighing  about  7  pounds  per  1,000  rlvetSt 
may  be  used. 

SHEET  STEEL  SIDING 

Table  LIII  shows  the  approximate  weights  of  varions  kinds 
of  steel  siding  per  square  of  100  square  feet 
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TABLE  Llll 
Weight  in  Pounds,  off  Steel  Siding  per  100  Square  Feet 
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TABLE  LIV 
Weight,  In  Pounds,  of  Flat  Steel  Sheets,  per  100  Square  Feet 
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In  figuring  costs  for  placing,  two  men  will  lay  from  800  to 
1,200  square  feet  In  a  9-hour  day  on  plain  surfaces. 

TILE  ROOFS 

Terrarcotta  and  concrete  roofing  tiles  are  made  in  a  great 
many  styles  and  sizes.  Glass  tiles  are  also  made  for  use  as 
8kyllght3  In  roof  construction,  and  are  laid  in  with  the  other 
tiles  as  a  part  of  the  roof  covering.  Among  the  tiles  in  com- 
mon use  are  plain  tile,  book  tile,  pan  tile,  Spanish  tile,  and 
Ludowid  tile. 

Method  of  Laying  Roof-Tile.  Tiles  may  be  laid  on  plank 
sheathing,  steel  members,  or  on  a  concrete  roof.  The  method 
of  laying  tiles  on  a  solid  surface  is  similar  to  that  described 
for  slate  roof  construction. 

If  tiles  are  laid  without  sheathing  or  an  under  covering 
surface,  either  a  porous  tile  should  be  used  where  surface 
condensation  may  occur,  or  a  special  anti-condensation  roof 
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TABLE  LV 
Standard  Gauge  for  Sheet  and  Plate  Iron  and  Steel 
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lining  should  be  used  under  the  tiles.  A  glazed  tile  is  noore 
likely  to  condense  moisture  than  are  porous  tiles. 

There  are  some  special  features  that  should  be  noted  In 
regard  to  the  proper  framing  of  a  roof  and  its  preparation 
to  receive  the  tile.  Rafters  should  be  at  least  2  by  6  in.,  and 
spaced  24  in.  on  centers  or  closer  according  to  length  of 
span.  Sheathing  should  be  securely  nailed,  and  should  be 
either  of  %-in.  common  lumber  laid  tight  and  well  Joined 
together,  or  of  matched  and  dressed  sheathing  securely  fas- 
tened. Roof  pitch  may  be  as  low  as  one-fourth  (provided 
slope  is  not  of  extreme  length),  and  from  that  to  the  verticaL 

Before  the  tile  are  laid,  entire  roof  should  be  carefully 
covered  with  one  layer  good  roofing  felt,  laid  to  lap  2  inches 
in  every  course,  and  turned  up  against  the  sides  of  building 
at  least  4  inches.  If  building  has  a  box  or  cornice  gutter,  felt 
should  lap  over  top  of  metal  at  least  4  inches,  and  the  same 
at  valleys.  After  felt  is  so  laid,  same  should  be  stripped 
with  good  white  pine  plastering  lath,  laid  parallel,  true,  and 
straight,  to  facing  board  at  eaves.  The  top  edge  of  first  line 
of  lath  should  be  12  Inches  above  the  lower  edge  of  facing 
board  or  starting  strip;  and  thereafter  not  less  than  12  In. 
nor  more  than  12^-in.  space  allowed  from  the  top  edge  of 
the  next  above  and  parallel.    The  tile  hook  over  these  strips; 
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and  each  tile  is  fastened  with  a  7-penny  galvanized  or  copper 
wire  nail. 

All  ridge  boards  should  extend  3  inches  above  top  of 
sheathing,  and  hip  boards  2^t  inches*  both  to  be  of  %-in. 
common  lumber.  Facing  board  or  starting  strips  at  eaves 
under  bottom  end  of  tile  will  extend  up  above  the  top  edge 
of  sheathing  1%  inches.  In  all  cases  facing  boards  at  gable 
ends  should  be  flush  with  the  sheathing. 

In  some  cases  an  open  roof  construction  is  used — that  is, 
with  no  sheathing  under  the  tile.  In  that  case  there  must  be 
a  space  of  12  inches  between  the  lower  edge  of  the  lowest 
purlin  to  top  edge  of  the  purlin  next  above  it,  and  thereafter 
a  space  of  not  less  than  12  inches  nor  more  than  12^  inches 
between  the  top  edge  of  each  purlin  and  the  top  edge  of  the 
purlin  next  above  it  These  purlin  strips  should  be  %-in. 
by  2-in.  or  over,  the  bottom  strip  1%  inches  higher  than  the 
strip  next  above  it — that  is,  2%  inches  by  %  inch.  In  this 
construction  the  hip  and  ridge  strips  should  be  the  same 
as  if  building  were  sheathed. 

Cost  of  Tile  Roofs.  The  size  and  covering  of  a  given  kind 
of  tile  should  be  obtained  from  the  catalogue  of  the  manu- 
facturer of  the  tile. 

Plain  terra-cotta  roofing  tiles  are  commonly.  10  Mi  in.  long, 
6^  in.  wide,  and  %  in.  thick.  These  tiles  are  laid  with  one- 
half  exposed  to  the  weather.  The  weight  of  plain  tiles  varies 
from  2  to  2%  pounds. 

The  labor  on  ordinary  tile  roofs  may  be  estimated  on  the 
basis  of  300  square  feet  of  roof  for  one  man  and  his  helper, 
per  day  of  ten  hours. 

SPECIAL  SHINGLE  ROOFS 

Asphalt  Shingles.  Asphalt  shingles  are  about  8  inches 
wide  and  12%  inches  long.  In  laying  them,  but  4  inches  of 
the  length  is  exposed  to  the  weather.  When  the  shingles  are 
laid,  they  form  three  thicknesses  of  material,  and  four  thick- 
nesses where  nailed. 

These  shingles  are  made  especially  tor  all  classes  of  resi- 
dences or  public  buildings  where  either  wood,  slate,  or  tile 
shingles  might  be  used.  They  are  made  in  four  colors — gray, 
green,  red,  and  slate. 

Asphalt  shingles  are  uniform  in  size  and  thickness,  and 
can  be  laid  quickly  and  easily.  They  are  packed  one-quarter 
square  to  the  case,  which  weighs  60  pounds  when  filled.  One 
square  covers  100  square  feet  of  roof,  with  allowance  made 
for  all  laps. 


266    RADFORD'S  BSTIBiATING  AND  OONTRACTINa 

Two  ^-in.  head  roofing  nails  in  each  shingle  are  used  In 
laying.  These  nails  are  placed  4%  inches  from  the  lower  end 
of  the  shingle,  and  Just  under  the  edge  of  the  shingle  above  it. 

Asbestos  Shingles.  A  combination  of  asbestos  and  Port- 
land cement  has  been  produced,  which,  when  made  up  in  the 
form  of  shingles,  furnishes  a  roof  that  is  absolutely  fire- 
proof. Simple  exposure  to  the  elements  causes  the  shingles 
to  become  better,  tougher,  and  harder  as  time  goes  on. 

Another  good  point  for  these  shingles  is  that  they  do  not 
need  paint  or  any  attention,  as  the  elements  take  better  care 
of  asbestos  shingles  than  any  paint  or  dressing. 

They  are  usually  applied  in  the  French,  or  diagonal, 
method.  Shingles  for  a  finished  roof  laid  in  this  manner* 
weigh  about  250  pounds  to  the  square.  This  lightness,  with 
its  accompanying  efficiency,  renders  them  peculiarly  adapt- 
able to  lighter  forms  of  construction.  They  may  be  obtained 
in  a  great  variety  of  sizes,  styles,  and  prices. 

A  common  size  is  12  by  12  inches,  %  inch  in  thickness. 
This  size  will  lay  about  155  shingles  to  the  square  of  100 
square  feet 

The  labor  charges  on  asbestos  shingles  will  be  from  one- 
half  to  two-thirds  those  for  wood  shingles. 

Cement  Shingles.  Portland  cement  shingles  are  made  in 
a  great  variety  of  shapes  and  sizes.  Most  types  contain  some 
kind  of  wire  or  expanded  metal  reinforcement  to  give 
strength  to  the  shingle. 

These  shingles  are  nailed  to  the  roof  in  a  manner  similar 
to  that  used  in  laying  slate. 

Quantities  required  will  depend  upon  the  type  of  shingle 
used,  and  should  be  obtained  directly  from  the  manufacturer 
of  that  particular  brand. 

CONCRETE  ROOFS 

Information  in  regard  to  the  quantities  and  cost  of  ma- 
terial needed  in  a  given  case  will  be  found  in  the  section 
on  Concrete  Construction.  The  data  necessary  for  figuring 
cost  of  forms  and  labor  will  also  be  found  in  the  same 
section. 

ROOF  FLASHINGS 

Flashings  are  for  use  in  places  where  leaks  are  likely  to 
o^cur,  such  as  in  vallej^,  around  chimneys,  dormers,  sky, 
lights,  and  where  walls  of  one  building  or  part  of  a  building 
Join  another.  This  flashing  consists  of  strips  of  tin,  copper, 
zinc,  or  lead,  laid  over  the' roofing  material  in  such  a  manner 
that  water  from  the  roof  is  prevented  from  getting  under  the 
roofing. 
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Counter-flashings  are  made  of  lead  or  zinc,  laid  between 
courses  of  brick  or  masonry,  and  turned  down  over  the  regu* 
lar  flashing. 

In  shingle  roofs,  the  flashings  are  made  of  IC  tin  or  14- 
ounce  elnc,  used  with  3-pound  or  4-pound  lead  counter-flash- 
ing. 

In  slate  roof  work,  the  flashing  should  consist  of  14-ounce 
sine  or  16-ounce  copper.  Sheet  lead  should  always  be  used 
for  coimter-flashings  where  same  are  embedded  in  masonry. 

In  tar  and  gravel  roof  work,  the  flashings  are  formed  by 
turning  up  the  rooflng  felt  4  inches  against  the  vertical  sur- 
face, and  covering  with  an  8-inch  wide  strip  of  felt  laid  with 
one-half  of  its  width  on  the  roof.  The  upper  edge  of  this 
strip  is  fastened  to  the  vertical  surface  by  wooden  strips  se- 
curely nailed.  The  felt  strip  is  then  pressed  down  into  the 
angle  formed  by  the  roof  and  the  vertical  wall,  and  flrmly 
cemented  to  the  roof  with  hot  pitch. 

Cost  of  Roof  Flashings.  Flashings  are  measured  by  the 
number  of  square  feet  contained. 

In  shingle  work,  the  valley  flashings  are  14  inches  wide, 
while  the  length  will  depend  upon  the  length  of  the  valley. 
Chimneys,  sides  of  dormers,  and  all  intersections  are  flashed 
with  tin  cut  so  as  to  turn  up  3^  inches  on  the  vertical  and 
3  inches  on  the  roof.  Where  tin  shingles  are  used  for  flash- 
ing at  the  intersection  of  a  roof  with  a  vertical  surface,  they 
should  not  be  less  than  7  by  6%  inches  in  size. 

Lead  counter-flashings  should  be  of  such  size  that  they 
will  extend  1  inch  into  the  masonry,  and  reach  down  over  the 
other  flashing  to  within  1  inch  of  the  roof. 

In  slate  work,  the  zinc  or  copper  flashings  should  be  18 
or  20  inches  wide  for  valleys  and  7  inches  wide  for  vertical 
intersections,  allowing  3  Mi  inches  for  turning  up. 

Labor  costs  may  be  figured  on  the  basis  of  400  sq.  ft.  of 
valley  work  per  day  of  8  hours  for  2  men.  These  two  men 
will  also  put  in  place  400  linear  feet  of  ordinary  flashing,  or 
about  150  square  feet  of  flashing  and  counter-flashing. 

Sheet  Lead  Work.  No  sheet  lead  should  be  laid  in  greater 
length  than  10  or  12  feet  without  a  dip  to  allow  for  expan- 
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Bion.    In  roof  and  gutter  work,  7-poand  lead  should  be  used; 
in  liip  and  ridge  work,  6-pound;  and  for  flashings,  4-pound. 

TABLE  LVIII 
Weight  of  Sheet  Copper 

(Aasooistion  of  Copper  Manufacturers  of  the  United  States) 
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One  cninc  foot  of  oopper  weighs  558.12  pounds. 

CORNICE  WORK 

Brick  cornices  are  measured  as  solid  wall  of  a  size  equal 
to  the  height  and  projection  of  the  cornice.  All  thicknesses 
of  wall  are  to  he  measured  to  the  nearest  half-hrick  ahove 
actual  width. 

In  measuring  for  sheet  metal  cornices,  find  the  girth  of 
the  cornice  hy  measuring  the  exact  outline  of  the  front,  fol- 
lowing the  curve  of  all  moldings  and  adding  the  top  distance 
back  to  the  wall,  besides  that  part  allowed  for  joining  to  wall 
at  top  and  bottom;  and  multiply  by  the  length  of  the  cornice. 
To  this  should  be  added  all  end  trusses,  dentils,  brackets, 
and  all  extra  work.  Details  of  this  kind  will  have  to  be  de- 
termined from  catalogues  or  from  a  local  sheet-metal  worker. 
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Stucco  cornice  work  is  measured  by  the  square  foot  wli^i 
composed  of  plain  members  or  panel  work. 

Carved  moldings  are  measured  by  the  linear  foot  Ordi- 
nary moldings  less  than  12  inches  in  girth  are  measured  by 
the  linear  foot;  but,  if  over  12  inches,  they  are  measured  by 
the  square  foot  of  surface.  Internal  angles  and  miters  are 
provided  for  by  adding  1  foot  to  the  length  of  the  cornice, 
and  2  feet  are  added  for  external  angles. 

In  wood  cornice  work,  the  cornice  usually  consists  of  aev' 
eral  members.  Simple  cornices  consist  of  from  3  to  5  mem- 
bers, although  the  5-member  cornice  is  the  most  common 
and  consists  of  a  planceer,  fascia,  frieze,  and  crown  and  bed 
molding. 

In  measuring  the  amount  of  material  required  for  a  cor^ 
nice,  multiply  the  length  of  the  cornice  in  feet,  by  the  com- 
bined width  of  the  planceer,  fascia,  and  frieze,  in  feet.  The 
lengths  of  the  bed  and  crown  molding  should  be  taken  off 
separately  in  linear  feet,  and  treated  as  separate  quantities. 
An  allowance  of  about  one-eighth  should  be  added  to  each 
kind  of  material,  to  make  up  tor  waste. 

In  estimating  labor  q^iantitles  on  wood  cornice,  the  follow- 
ing details  will  be  of  service:  For  gable  roofs,  two  average 
men  will  put  on  in  a  9-hour  day  80  feet  of  cornice  with  10-in. 
planceer,  9-in.  frieze,  and  4-in.  fascia;  75  feet  with  12-in.  plan- 
ceer, 10-in.  frieze,  and  4-in,  fascia;  60  feet  with  16-in.  plan- 
ceer, 12-in.  frieze,  and  4-in.  fascia;  or  48  feet  with  20-in.  plan- 
ceer, 14-in.  frieze,  and  5-in.  fascia. 

For  hip  roofs,  two  men  will  put  on  75  feet  of  cornice  with 
16-in.  planceer,  18-in.  frieze,  and  4-in.  fascia;  65  feet  with 
20-in.  planceer,  22-in.  frieze,  and  4^-in.  fascia;  50  feet  with 
24-in.  planceer,  28-in.  frieze,  and  5-in.  fascia;  40  feet  with  28- 
h).  planceer,  32-in.  frieze,  and  5^-in.  fascia;  30  feet  with 
32-in.  planceer,  34-in.  frieze,  and  6-in.  fascia. 

Crown  molding  may  be  estimated  at  the  following  rate: 
Two  men  in  a  9-hour  day  will  put  on  800  feet  of  2-in.,  flat; 
600  feet  of  4-in.,  spring;  450  feet  of  5-in.,  spring;  350  feet  of 
6-in.,  spring;  300  feet  of  7-in.,  spring;  or  250  feet  of  8-ln. 
spring. 

Flat  bed  molding  may  be  put  on  at  the  rate  of  800  feet  for 
1%-in.;  750  feet  for  2-in.;  700  feet  for  3-in.;  or  600  feet  for 
4-in. 

In  cornice  work  around  octagon  towers  or  semi-octagon 
bay  windows  or  verandas,  the  labor  charge  should  be  in« 
creased  from  one-quarter  to  one-half;   while  in  circular  or 
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curved  work,  the  labor  charge  will  be  Increased  as  much  as 
one  and  one-half  times  that  charged  for  plain  work. 

Miters  on  wood  cornices  may  be  estimated  on  the  basis  of 
2  hours  labor  for  one  man;  while  brackets  will  vary  from  10 
minutes  to  1  hour  for  putting  in  place,  depending  upon  the 
type  of  bracket  and  the  amount  of  trim. 

On  metal  cornices,  one  man  and  his  helper  will  put  on 
about  40  linear  feet  of  ordinary  stock  patterns;  but  with  elab- 
orate work  this  quantity  may  be  diminished  by  one-half. 

Data  for  estimating  on  brick  cornice  work  will  be  found 
in  the  section  on  Brick  Construction.  The  cost  of  laying 
brick  in  cornices  will  be  about  double  that  for  plain  work. 

GUTTERS    AND    DOWNSPOUTS 

Gutters  and  downspouts  are  usually  made  of  galvanized 
iron,  but  often  gutters  are  made  in  the  form  of  a  lumber 
trough  lined  with  sheet  metal.  Lead,  tin,  or  zinc  may  be 
used  for  this  purpose.  Where  the  side  of  a  gutter  touches  a 
wall,  the  side  should  be  turned  up  at  least  6  in.  against  the 
wall  and  covered  with  an  apron.  If  gutters  are  formed  along 
the  eaves,  the  gutter  metal  should  be  turned  up  against  the 
roof  boards  for  at  least  10  inches  and  securely  nailed. 

The  slope  of  gutters  should  be  about  %-in.  for  each  foot 
of  length. 

Sizes  of  Gutters  and  Spouts.  A  way  to  determine  the  size 
of  downspouts  for  a  roof  is  given  in  the  following: 

2-in.  pipe  will  drain  3%-in.  gutter  12  ft  long. 

3-in.  pipe  will  drain  3^-in.  gutter  12  to  25  ft  long. 
3-in.  pipe  will  drain  4-in.  gutter  25  to  35  ft.  long. 
4-in.  pipe  will  drain  5-ln.  gutter  35  to  45  ft  long. 
&-in.  pipe  will  drain  6-in.  gutter  45  to  55  ft  long. 
6-in.  pipe  will  drain  7-in.  gutter  55  to  65  ft.  long. 
7-in.  pipe  will  drain  8-in.  gutter  65  to  75  ft  long. 

The  American  Bridge  Company  recommends  that  roofs  up 
to  50  ft  span  be  provided  with  6-in.  gutters  with  a  4-in.  down- 
spout every  40  ft;  that  roofs  from  50  to  70  ft.  in  span  be 
provided  with  7-in.  gutters  with  a  5-iiL  downspout  every  40  ft.; 
and  for  roofs  from  70  to  100  ft  in  span,  an  8-in.  gutter  with 
&-in.  downspout  «very  40  ft 

Labor  costs  on  this  class  of  work  may  be  estimated  on  the 
basis  of  200  feet  of  ordinary  gutter  in  a  day  of  9  hours  for 
2  men.  These  two  men  would  also  line  about  150  sq.  ft.  of 
box  gutter  in  a  9-hour  day. 
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Two  men  will  average  about  300  feet  of  downspout  In  a 
9-hour  day. 

In  taking  ofC  quantities  for  the  above  labor,  double  all 
angles  and  elbows. 

STEEL  CEILINGS 

In  measuring  ceilings,  the  surface  to  be  covered  is  taken 
as  the  surface  between  the  walls  of  the  room,  unless  special 
care  is  needed.  In  careful  work,  the  flat  part  of  the  ceiling 
is  first  measured;  and  all  cornice  work,  coves,  comers,  etc, 
are  taken  ofT  separately,  in  linear  feet 

The  plates  for  ceilings  are  generally  about  24  by  24  in. 
but  may  come  in  96-in.  lengths. 

Furling  strips  should  be  estimated  separately  from  the 
celling  material,  but  comer  brackets  and  nails  are  furnished 
with  the  celling  material. 

Labor  costs  of  putting  up  metal  ceilings  may  be  figured 
on  the  basis  of  300  to  400  sq.  ft  of  ceiling,  with  cornice,  etc, 
for  2  men  in  a  9-hour  day;  while  on  plain  work  on  large  sur- 
faces, these  quantities  may  be  doubled. 

PAINTING  ROOF  WORK 
Data  for  estimating  cost  of  painting  or  staining  roofa 
will  be  found  in  the  section  on  Painting  and  Decorating. 

TABLE  LIX 

WEIGHTS  OF  ROOFING  MATERIALS 

Weight  in 
Material  Pounds  per 

Square  Foot 

Asphalt  on  felt,  without  sheathing 2 

Celling,  ordinary  lath  and  plaster 6      to    8 

Celling,  stamped  steel  2 

Celling,  wood,  %-in 2% 

Composition,   3-ply    1 

Concrete,  per  1-lnch  thickness  of  slab 13 

Copper,  sheet  1      to    l\k 

Pelt,  roofing,  2  layers ^ 

Gravel  and  felt,  without  sheathing 8      to  10 

Iron,  corrugated,  No.  18 2% 

Iron,  corrugated,  No.   20 2 

Iron,  corrugated.  No.  24 1% 

Iron,  flat,  galvanized 1      to    Z% 

Lead,  sheet   4      to    8 

Sheathing,  hemlock,  1-in.  thick 2 

Sheathing,   spmce,  1-in.  thick 2 
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Sheathing,  yellow  pine,  1-ln.  thick 4 

Sheathing,  white  pine,  1-ln.  thick 3 

Shingles,   wood,   cedar 1^ 

Sl^ngles,  wood,  cypress 2^ 

Shingles,  metal,  tin,  painted 1 

Shingles,  metal,  copper 1^ 

Skylight,  glass,  3A6  to  Mi-ln.,  with  frames 4      to  10  « 

Slate.  3/16  to  %-in 7      to    9 

Slate,  diminishing  courses 12 

Steel,  standing  seam 1 

Tar  and  gravel,  4-ply 5Mi 

Tar  and  gravel,  5*ply 6 

Tiles,  corrugated    8      to  10 

Tiles,  flat  15      to  20 

Tiles,  Ludowici   8 

Tiles,  on  concrete  slahs 30      to  35 

Tiles,  pan  ....^ 10 

Tin,  on  felt 1 

Tin,  without  sheathing ^  to    1 

Zinc,  sheet   1     to    2 


Concrete  Construction 

The  exact  cost  of  concrete  work  in  any  case  is  gOYemed 
by  local  conditions.  In  reinforced  concrete,  the  design,  the 
loading  for  which  it  must  be  adapted,  the  price  of  cement, 
the  cost  of  obtaining  suitable  sand  and  broken  stone  or  graTel. 
the  price  of  lumber  for  forms,  the  wages  of  the  laborers  and 
carpenters,  are  all  factors  entering  into  the  estimate.  Rein- 
forced concrete  is  largely  laid  by  common  labor,  so  that  high 
rates  for  skilled  laborers  afCect  it  less  than  many  other  bnild- 
ing  materials. 

Sometimes  the  gravel  and  sand  for  a  piece  of  work  can  be 
found  at  or  near  the  site,  thus  greatly  reducing  cost 

Extra  hazardous  work  should  have  something  added  to  the 
estimated  cost,  to  allow  for  the  risk  taken  by  the  contractor. 
Work  that  must  be  finished  in  a  short  time  should  have  the 
estimate  increased,  especially  if  a  penalty  attaches  for  fail- 
ure to  complete  by  a  specified  time.  If  the  season  is  a  poor 
one  for  the  class  of  work,  still  more  expense  is  liable  to  be 
Incurred.  Erecting  bridges  over  streams  in  flood  time  may  be 
attended  with  serious  difficulties  and  expensive  delays. 

Large  contracts,  as  a  rule,  cost  less  per  unit  than  small 
ones.  The  placing  and  removing  of  the  contractor's  plant  on 
a  Job  often  requires  considerable  tima  If  the  magnitude  of 
work  does  not  Justify  bringing  labor-saving  machinery  to  the 
site,  the  extra  labor  will  make  the  smaller  Job  more  expen- 
sive. Large  orders  of  materials  may  be  placed  at  lower  rates 
than  small  ones. 

Where  labor  is  the  principal  item  of  cost  in  any  work, 
less  certainty  can  be  expected  in  the  estimate  of  the  cost, 
whereas  materials  that  are  regularly  manufactured  should 
vary  but  little  in  cost. 

There  are  some  general  rules  that  will  be  found  very  use- 
ful in  making  a  rough  estimate  of  the  cost  of  structures  and 
checking  against  large  errors  in  more  careful  estimates: 

"In  making  up  an  estimate  of  the  cost  of  a  building.  In 
scaling  the  plans,  it  is  found  convenient  to 'take  ofC  the  vol- 
ume of  excavation  and  back-filling.  The  cubic  feet  of  foot- 
ings, foundations,  and  walls,  the  square  feet  of  forms  for 
walls  of  foundations  and  above  grade,  the  linear  feet  of  belt- 
courses,  moldings,  cornices,  etc.     Also  the  slae  of  special 
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features  of  exterior  treatment.  Similarly,  the  superficial 
areas  of  column  and  floor  forms  are  measured  by  themselves. 
Concrete  of  each  different  mixture  is  scaled  ofC  in  cubic  feet, 
and  totaled  separately.  Steel  of  each  kind  is  taken  off  in 
pounds.  Granolithic  finished  surfaces  in  square  feet;  and  so 
on  in  detail,  every  item  is  measured." 

Kxcavation  and  back-fiUins  have  been  treated  in  the  jeo* 
tions  on  Earth  and  Rock  Excavation  in  the  chapter  on  Gen- 
eral Costs. 

CONCRETE  FOOTINGS 

The  dimensions  of  ail  footings  for  foundations  may  be 
taken  directly  from  the  plans  of  the  structure.  These  sizes 
should  have  been  carefully  figured  by  the  architect  or  de- 
signer according  to  the  load  to  be  carried  and  the  stability 
of  the  soil  which  is  to  support  this  load.  The  common  bear- 
ing pressures  of  various  soils  are  shown  in  Table  VIII. 

For  footings  of  rectangular  cross-section,  the  number  of 
cubic  yards  of  concrete  needed  may  be  found  by  multiplying 
the  length  of  the  footing  by  the  width,  and  this  value  by 
the  thickness,  all  dimensions  taken  in  feet;  then  divide  this 
product  by  27,  the  number  of  cubic  feet  in  a  cubic  yard. 

If  the  footing  is  stepped,  the  total  cubic  contents  may  be 
found  by  adding  together  the  volume  of  each  stepped  section; 
or  by  multiplying  the  length  of  the  footing  b/  the  average 
width,  and  this  value  by  the  depth,  and  dividing  the  result 
by  27.  This  same  method  may  also  be  applied  to  footings 
with  slanting  sides,  or  those  having  a  certain  amount  of 
"batter." 

In  case  of  soft  soil,  or  where  the  footings  are  to  be  aided 
In  their  efforts  to  support  the  loads  resting  upon  them  by 
the  use  of  concrete  piles,  the  volume  of  concrete  in  cubic 
yards  necessary  for  these  piles  may  be  obtained  in  the  fol- 
lowing manner:  Multiply  together  the  sectional  area  of  the 
pile  in  square  feet,  the  length  in  feet,  and  the  number  of  piles 
of  a  given  size,  and  divide  the  result  by  27. 

CONCRETE  FOUNDATIONS  AND  WALLS 

The  length,  thickness,  and  height  of  all  foundations  and 
walls  may  likewise  be  obtained  directly  from  the  plans.  The 
total  amount  of  each  grade  of  concrete,  if  a  different  mixture 
is  used  In  difterent  parts  of  the  work,  should  be  figured  by 
the  method  Just  outlined  for  footings,  and  made  note  of. 

'  If  walls  vary  in  thickness  at  different  heights  in  the  struc- 
ture, figure  the  contents  of  each  belt  of  wall  around  the 
stmcture,  and  add  together  all  the  quantities  of  like  mix- 
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ture.    Pilasters  or  belt  courses  may  be  figured  separatelyt 
and  added  to  the  totals. 

.^  All  openings  such  as  doors,  windows,  etc.,  should  be  de- 
ducted from  the  surface  of  the  wall  in  figuring,  so  as  to  get 
the  actual  cubic  contents  of  the  waU. 

Any  trimmings,  projections,  or  depressions  on  or  in  the 
face  of  the  wall  should  be  considered  separately,  and  added 
into  the  total  of  the  mixture  of  which  they  are  composed. 

A  rough  rule  for  labor  on  reinforced  walls  is  to  allow  one 
man  one  day  for  each  cubic  yard  of  concrete.  This  should 
take  care  of  the  placing  of  concrete  and  reinforcement 

MEASURING  CONCRETE  CONSTRUCTION  WORK 

The  following  rules  of  measurement  have  been  adopted  by 
the  Chicago  Ck)ntractors'  and  Masons'  Association,  the  Chicago 
Architects'  Business  Association,  and  the  Western  Society  of 
Engineers: 

1.  Excavation  of  Cellars  and  Basements.  Excavation  to 
be  measured  and  computed  by  the  actual  amount  of  material 
displaced.  If  unit  price  is  based  upon  loose  measurement,  add 
40  per  cent  to  actual  bank  measurement,  except  if  consist- 
ing of  sand  and  gravel,  when  only  20  per  cent  will  be  added. 
If  rehandling  becomes  necessary,  same  to  be  done  at  a  spe- 
cial price  agreed  upon  in  addition  to  the  abova 

2.  Excavation  of  Trenches  and  Pits.  Excavation  of 
trenches,  pier  holes,  or  pits,  when  more  than  3  ft  wide,  to 
be  computed  on  actual  contents  when  less  than  5  ft.  deep. 

When  less  than  3  ft.  wide,  excavation  of  trenches,  pier 
holes,  or  pits  to  'be  computed  on  actual  contents  if  less  than 
2  ft  deep. 

If  more  than  2  ft.  deep,  compute  contents  of  trench  on 
basis  of  3-ft  width,  even  though  same  is  narrower. 

If  less  than  2  ft  in  depth,  estimate  actual  width. 

For  pits  and  pier  holes  more  than  2  ft  deep  and  less  than 
12  sq.  ft  in  area,  estimate  area  of  same  on  basis  of  12  sq. 
ft.  multiplied  by  depth  of  same  down  to  5  ft.;  and  for  more 
than  5  ft.  deep,  estimate  on  same  basis  as  given  below  for 
additional  depth  of  trenches,  with  the  same  percentages  of 
increase  added: 

Add  75  per  cent  to  actual  contents  of  excavation  of 
trenches,  pier  holes,  or  pits,  for  depths  between  6  and  10  ft; 
add  150  per  cent,  for  depths  between  10  and  15  ft;  add  225 
per  cent  for  depths  between  15  and  20  ft;  add  300  per  cent 
for  depths  between  20  and  25  ft;  add  375  per  cent  for  depths 
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between  26  and  30  ft;  add  450  per  cent  for  depths  between 
80  and  35  ft.;  and  so  on,  adding  75  per  cent  accumulative  for 
every  5  ft.  additional  depth. 

3.  Back-Filling  and  Grading.  Soil  required  for  back-filling 
or  grading  to  be  measured  by  computing,  from  cross-section- 
ing, cubic  contents  of  area  to  be  filled  or  graded. 

4.  Sheet-piling  and  lagging  to  be  estimated  per  thousand 
feet  of  lumber  required.    Kind  of  lumber  to  be  specified. 

6.  Shoring  of  earth  banks  to  be  done  at  unit  price  per 
square  foot  of  shored  surface  of  bank. 

6.  Pumping  or  bailing,  when  required,  to  be  done  at  spe- 
cial price,  in  addition  to  excavation  unit  price,  as  the  exca- 
vation rules  are  based  on  dry  work;  this,  however,  does  not 
apply  to  rain  or  storm  water. 

7.  Concrete  Foundations.  Foundations  for  walls  to  be 
measured  actual  contents,  when  made  with  square  and  level 
offsets. 

Footings  with  sloping  or  beveled  offsets  less  than  30  per 
cent  from  the  horizontal,  multiply  area  of  base  by  greatest 
height  of  footing.  This  applies  to  piers  also,  except  when 
courses  in  pier  foundations  are  less  than  12  ft.  in  area,  when 
1  cu.  ft.  will  be  added  for  each  comer  for  every  foot  in  height 
of  such  course. 

8.  Foundations  for  all  projections  (such  as  chimney 
breasts,  pilasters,  buttresses,  or  fines)  connected  with  walls, 
to  be  measured  actual  contents  contained  therein,  and  1  cu. 
ft  added  thereto  for  each  comer  for  every  foot  in  height. 

9.  Recesses  and  slots  in  foundations  to  be  measured  solid, 
and,  in  addition  thereto,  allow  2  cu.  ft  for  every  foot  in  height 
or  length. 

10.  Arches  in  foundations.  Multiply  length  of  chord  at 
spring  arch  by  height  from  chord  to  extrados  by  thickness  of 
arch,  and  add  to  wall  measurement.  Height  of  arch-ring 
equal  to  thickness  of  wall. 

11.  Circular  or  polygon  foundations  to  be  figured  at  double 
actual  contents. 

12.  For  wall  14  ft  or  less  in  height,  24  in.  or  more  in 
thickness,  'use  the  actual  thickness  as  basis  in  computing 
volume.  For  walls  less  than  24  in.  in  thickness,  add  one- 
half  the  difference  between  the  actual  thickness  and  24  in. 
in  computing  the  volume.  If  walls  are  more  than  14  ft  in 
height  between  doors,  add  to  cubic  contents  15  per  cent  for 
every  additional  4  ft  in  height,  on  accumulative  scale,  as 
given  for  trench  excavation. 

13.  For  circular  walls  of  radius  sufliciently  large  to  obvl- 
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ate  the  necessity  of  oslng  specially  prepared  lumber  for 
forms,  add  one-fifth  of  length  to  girth  of  wall,  and  figure  cubic 
contents  on  the  same  basis  as  prescribed  for  external  and 
division  walls  (paragraph  12). 

14.  For  battered  or  sloping  walls,  estimate  contents  on 
same  basis  as  for  external  and  division  walls,  and  add  one- 
half  of  contents  of  wedge  or  batter  to  same  when  narrower 
on  top  than  24  in.    See  paragraphs  12  and  17. 

Intersection  and  division  walls,  24  in.  thick  or  less  (bonded 
together  in  any  manner  not  abutting),  to  be  measured  as  slot 
or  recess.  When  thicker,  add  1  ft  to  length  of  wall  for  every 
Intersection. 

15.  In  retaining  walls  reinforced  with  beams,  columns,  or 
girders,  figure  concrete  casing  a  minimum  thickness  of  12 
in.  from  outside  edge  of  steel  on  side  next  to  earth  bank,  and 
6  in.  from  outside  edge  of  steel  on  opposite  side;  that  is,  com- 
pute wall  1  ft.  6  in.  thicker  than  width  of  steel. 

For  all  other  retaining  walls,  compute  on  same  basis  as 
for  external  walls  (paragraphs  12  and  17). 

No  deduction  in  cubic  contents  of  concrete  to  be  made  for 
metal  imbedded  in  same. 

16.  Hollow  walls  to  be  at  special  rates. 

17.  For  each  comer  of  wall  more  or  less  than  90  degrees, 
add  1  ft.  6  in.  to  girth  length  of  walls  in  measuring. 

The  term  "comer"  is  used  for  salient  angles  of  walls,  and 
"angle"  for  re-entering  angles. 

18.  All  plain  projections,  such  as  chimney  breasts,  piers 
connected  with  walls,  and  pilasters,  to  be  measured  actual 
contents  contained  therein,  and  1  cu.  ft  added  for  each  cor- 
ner for  every  foot  in  height 

19.  Independent  plain  square  piers  to  be  measured  by 
same  rule;  that  is,  add  1  cu.  ft  for  each  comer  for  every 
foot  in  height  For  plain  polygon  or  round  piers,  add  4  cu.  ft 
for  each  foot  in  height 

20.  Recesses  and  slots  to  be  measured  solid;  in  addition 
thereto,  allow  2  cu.  ft.  for  every  foot  in  height  or  length. 

21.  In  vaults,  multiply  length  ot  chord  at  spring  of  arch 
by  height  from  chord  to  extrados,  by  thickness  of  arch. 

In  walls,  find  contents  of  arch  by  same  rule,  and  add  same 
to  wall  measurement  as  called  for  in  paragraph  10. 

In  sewers  and  tunnel  arches,  multiply  length  of  extrados 
by  thickness  of  arch. 

22.  Openings  with  Frames  Built  In.  Deduct  contents  of 
windows,  doors,  and  other  openings,  measuring  from  jamb 
to  Jamb  and  from  top  of  sill  to  spring  of  arch,  and  add  2  ft 
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of  wall  for  each  Jamb  for  every  foot  In  height  of  opening 
when  plank  frames  are  used;  If  box  frames  are  used,  add  4 
ft  of  waU  for  each  Jamb  for  every  foot  in  height 

23.  Openings  without  Frames.  Deduct  contents  of  open- 
ings, same  to  be  measured  from  top  of  sill  to  spring  of  arch, 
and  shortest  distance  between  concrete  Jamb  for  width;  and 
add  for  each  Jamb  2  ft  of  wall  for  every  foot  in  height  of 
opening. 

Circular,  oval,  or  other  special-shaped  openings  to  be  fig* 
ured  at  special  price. 

24.  Chimney  Breasts,  Fiues,  and  Piiasters.  All  flues  or 
hollows  in  chimneys  or  walls  less  than  2  ft.  in  area,  figure 
solid  and  add  2  cu.  ft  for  every  foot  in  height.  All  flues  and 
hollows  in  chimneys  or  walls  from  2  to  4  ft.  in  area  to  be 
measured  solid.    When  larger,  deduct  one-half  contents  of  flue. 

Detached  portions  of  chimneys  in  buildings,  and  plain 
chimney  tops  above  roof,  to  be  measured  solid,  and  1  cu.  ft 
to  be  added  for  each  comer  for  every  foot  in  height 

25.  Detached  chimney  stacks  to  be  figured  at  special 
rates. 

26.  No  deductions  allowed  for  omissions  of  concrete  for 
cut  stone,  terra-cotta,  or  other  trimmings,  bond  blocks,  tim- 
her.  Joists,  or  lintels. 

All  ornamental  or  molded  work  in  cornices,  gutters,  belt 
or  sill  courses,  etc.,  to  be  figured  at  special  ratoQ. 

27.  Cutting  and  patching  of  Joists,  girder,  or  other  holes, 
slots,  panels,  recesses,  etc.,  to  be  paid  for  on  basis  of  time 
and  material  required. 

28.  When  ordered  by  owner,  architect,  engineer,  or  super- 
intendent in  charge  of  work,  to  rack  or  block  in  consequence 
of  delay  of  delivery  of  iron,  steel,  stone,  terra-cotta,  or  other 
material,  that  concrete  work  which  may  connect  with  such 
racking  or  blocking  shall  be  measured  as  extra  work,  as  fol- 
lows: Increase  girth  length  of  such  line  by  one-half,  and 
multiply  by  thickness  of  wall. 

29.  Concrete  Fioors  on  8oii  and  Tiie  Arehes.  Floors  to 
be  measured  by  the  superficial  surface  between  outside  walls 
of  building.  No  deductions  to  be  make  for  floor  sleeps,  con- 
duits, pipes,  drain,  or -division  or  partition  walls.  No  deduc- 
tion to  be  made  for  any  piers,  columns,  chimney  breasts, 
pilasters,  or  other  projections  of  walls,  of  10  ft  or  less  in 
area. 

30.  Caissons.  Owing  to  grillage  in  caissons  being  left  at 
different  heights  in  same  building,  unit  price  for  caissons  will 
be   computed    on    excavated   contents,    including   necessary 
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wood-lagging  and  rings  for  same.  Cubic  contents  of  excava- 
tion of  caissons  to  be  computed  from  top  of  first  set  of  lag- 
ging to  bottom  of  caissons  and  from  outside  to  outside  of  lag- 
ging. If  steel  or  any  other  special  casing  Is  required,  same 
to  be  paid  for  additional  at  special  unit  price  per  pound. 

31.  Area  of  bottom  of  bell  to  be  multiplied  by  heigbt  of 
bell  to  neck  for  cubic  contents. 

32.  For  caissons  7  ft  or  more  in  diameter,  estimate 
actual  contents  from  outside  to  outside  of  lagging. 

For  caissons  from  7  ft.  to  6  ft.  6  in.,  inclusive,  add  5  per 
cent  to  actual  contents. 

For  caissons  under  6  ft.  6  in.  to  6  ft.,  inclusive,  add  15 
per  cent  to  actual  contents. 

For  caissons  under  6  ft.  to  5  ft.  6  in.,  inclusive,  add  25  per 
cent  to  actual  contents;  under  5  ft  6  in.  to  5  ft.,  add  35  per 
cent;  under  5  ft,  add  50  per  cent  to  actual  contents. 

33.  If  compressed  air  is  required,  same  to  be  paid  for  in 
addition  to  the  above. 

34.  If  rings  are  ordered  left  in  caissons,  same  to  be  paid 
for  additional  at  unit  prices  per  pound. 

35.  Pumping  and  bulkheading  to  be  paid  for  at  additional 
price. 

36.  No  deduction  to  be  made  for  cubic  contents  of  metal 
Imbedded  in  concrete. 

Concrete  for  filling  of  caissons  to  be  computed  on  actual 
contents  per  cubic  foot  of  concrete,  but  no  deduction  to  be 
made  for  any  metal  imbedded  in  same. 

37.  Reinforced  Concrete  Work — Reinforced  Wails.  Com- 
pute concrete  on  same  basis  as  specified  in  sections  12  and 
17  for  external  and  division  walls,  and  add  to  same  cost  of 
reinforcing  metal  put  in  place.  If,  through  changes  or  revi- 
sions, cutting  of  reinforcing  metal  delivered  or  ordered  l)e- 
comes  necessary,  estimate  the  full  length  of  such  bars  or 
metal  fabric,  and  add  to  same  cost  of  cutting  and  fitting  re- 
quired. Reinforcing  metal  to  be  computed  on  unit  price  per 
pound  or  square  foot  No  deductions  to  be  made  in  estimat- 
ing cubic  contents  of  concrete  for  any  metal  imbedded  in 
same,  such  as  wire  netting,  expanded  metal,  bars,  beams, 
columns,  etc. 

38.  Columna.  Measuring  of  plain,  uniform-size  columns 
to  be  covered  by  the  paragraph  (19)  relating  to  piers. 

39.  Capitals,  cap,  brackets,  panels,  molding,  or  other  orna- 
mental or  molded  work  to  be  figured  at  special  rate. 

40.  Qlrdersr  Floor-Beams,  or  Other  Drop  Projections  beiow 
Ploor^lab.    For  projections  named  in  this  paragraph,  add  for 
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each  comer  and  angle  to  cubic  contents  1  cu.  ft  for  each 
foot  in  length.  For  each  chamfered  or  rounded  corner  or 
angle,  add  ^  cu.  ft.  for  each  foot  in  length  in  addition  to 
the  above. 

41.  Floor  and  roof  slabs  to  be  estimated  on  same  basis 
as  called  for  in  paragraph  29  for  floors  on  soil,  and  at  a 
minimum  thickness  of  6  in.  Less  than  6  in.  in  thickness  will 
be  computed  as  6  in. 

42.  No  deductions  to  be  made  in  floor  area  for  openings 
of  less  than  20  sq.  ft.  For  larger  openings,  after  deducting 
full  area  of  opening,  add  one  superficial  foot  to  floor  area  for 
each  foot  in  length  of  girth  of  opening,  and  1  cu.  ft  extra  for 
each  comer  or  angle. 

43.  For  pits,  baskets,  or  other  depressions  in  floor,  add 
one  superflcial  foot  to  the  area  of  walls  and  floor  of  same  for 
each  foot  in  length  of  each  comer  and  angle. 

44.  Setting  of  fascias,  frames,  pipes,  sleeves,  bolts,  rods, 
clamps,  etc.,  imbedded  in  concrete,  to  be  paid  for  additional 
at  special  price. 

46.  Floor  Base  and  Coves.  Floor  base  and  coves  to  be 
estimated  at  special  price  per  linear  foot,  with  1  foot  added  to 
length  of  same  for  each  comer  and  angle.  For  base  or  cove 
around  round  columns,  estimate  three  times  girth  of  col- 
umn; and  for  square  or  polygon  columns,  add  1  foot  for  each 
comer  to  girth  of  same. 

46.  Concrete  stairs  to  be  estimated  per  square  foot  area  of 
face  of  treads  and  risers.  Stair  landings  and  platforms  be- 
tween floors  to  be  same  unit  price  per  foot  as  stairs. 

47.  Curbs  and  roofs  of  skylights  to  be  estimated  on  same 
basis  as  called  for  in  sections  40  and  41,  except  that  quan- 
tities for  same  shall  be  doubled. 

48.  Sidewalks  laid  on  soil  to  be  estimated  same  as  floor- 
slab,  paragraph  29,  with  special  unit  price. 

CONCRETE  WALL  CONSTRUCTION 
Cellar  Walls 

In  estimating  quantities  of  materials  needed  for  cellar 
walls  in  ordinary  dwelling  constmction.  Table  LX,  compiled 
by  the  Atlas  Portland  Cement  Company,  gives  information 
for  three  heights  of  basement 

The  cost  of  cementing  the  bank  walls  of  cellars  generally 
%mounts  to  about  65  cents  per  square  yard  for  a  coat  ^  inch 
at)ck.  Hicks  states  in  his  "Estimator's  Pocket-Book"  that  1 
mshel  of  cement  and  2  bushels  of  sand  will  cover  3^  square 
fards  of  wall  1  inch  thick,  4H  square  yards  %  inch  thick,  or 
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TABLE  LX 

Thicknesses  of  Walls,  and  Quantities  of  Materials  for  Different  Heiglits 

of  Basement 
Proportions:    1  part  Portland  cement  to  214  parts  sand  to  5  parts 

gravel  or  stone 


Heicht 
Basement 

Depth  of 
Foundat'n 

below 
Ground 

Level 

Thioknen 

ofWaU 

at  Bottom 

ThiokneeB 
of  Wall 
at  Top 

Cement 
per  10  ft. 
of  Length 

of  Wall 

Sand  per 
10  ft.  of 

Grmrelor 
Stone  per 
lOft.3^ 

Feet 
6 
8 
10 

Feet 

4 
6 
8 

Inches 

6 

10 

15 

Inches 

e 

8 
10 

12 
24 

Cubic  Feet 

29 
67 

Cubic  Fsai 

29 

68 

114 

6^  square  yards  %  inch  thick.  Arthur  in  his  "Building  Esti- 
mator" considers  that  37  cents  per  square  irard  is  a  fair  price 
for  a  %-inch  coat  of  1:3  cement  mortar  on  the  sloping  sides 
of  hard  earth  cellars.  He  states  that  the  material  required 
for  100  square  yards  of  surface  is  4  barrels  of  cement  and 
2%  cubic  yards  of  sand.  For  a  ^-inch  rough  coat  of  1:2^ 
cement  mortar  on  brick  walls,  23  cents  is  said  to  be  a  fiUr 
price.  If  floated,  the  cost  will  be  about  30  cents  per  square 
yard.  The  materials  needed  in  such  work  are  3  barrels  of 
cement  and  IM  cubic  yards  of  sand  for  100  square  yards  of 
surface. 

Superstructure  Walls 
A  contractor  engaged  in  wall  construction  where  metal 
forms  were  used  and  concrete  raised  to  a  height  of  20  feet 
above  grade,  recorded  his  experience  to  the  following  effect: 
With  concrete  placed  with  wheelbarrows,  the  cost  of  mixing, 
form  work,  and  placing  concrete  in  12-inch  walls,  was  about 
4^  cents  per  square  foot  of  wall,  or  about  $1.21V&  per  cubic 
yard  of  concrete. 

A  1:3:5  mixture  of  concrete  would  cost  as  follows  per 
barrel  of  cement  used: 

1  bbL  cement  @  $1.50 $1.60 

.44  cu.  yd.  sand  @  $1.60 66 

.74  cu.  yd.  stone  @  $1.50 1.11 

1  lb.  of  reinforcing  steel  @  $0.02 02 


Total   $3.29 

Allowing  1^'  cu.  yds.  of  loose  material  for  each  cuble 
yard  of  concrete,  this  would  make  about  28.2  cu.  ft.  of  con- 
crete at  a  cost  of  about  11^  cents  per  cu.  ft  for  materials. 
The  total  cost  of  materials  and  labor  for  one  square  foot 
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of  wall  12  in.  tblck,  would  then  be  11^  cents  plus  4^  cents, 
or  16  cents. 

Allowance  most  be  made  for  staging  if  of  any  but  the 
simplest  form. 

A  finish  coat  applied  to  the  surface  of  the  monolithic  wall 
can  be  applied  with  a  uniform  and  smooth  surface  for  about 
2%  cents  per  square  foot  of  exposed  concrete. 

These  costs  may  be  slightly  under  the  rates  prevailing 
in  some  localities. 

Mr.  Milton  D.  Morrill  states  that  he  has  used  a  mixture 
composed  of  1  part  cement,  2  parts  sand,  and  4  parts  gravel, 
laid  in  a  6-in.  wall,  at  $6.40  per  cu.  yd.  Cost  of  materials  was 
as  follows: 

1%   bbls.   cement $1.50 

%  cubic  yard  of  sand 60 

1  cubic  yard  of  gravel 1.50 

$3.60 

To  this  was  added  the  cost  of  erecting  and  removing  steel 
forms,  at  1  cent  per  sq.  ft  of  wall  surface,  thus  making  the 
cost  of  forms  per  cubic  yard  of  concrete  $1.10,  taking  the 
surface  area  of  both  sides  of  the  wall. 

Also  the  cost  of  handling  the  concrete  by  the  spouting 
method  was  figured  to  be  70  cents  per  cu.  yd. 

This  made  a  total  cost,  for  materials  and  labor,  of  $5.40 
I>er  cu.  yd.  of  concrete  in  place. 

The  cost  of  finishing  walls  where  metal  forms  are  used 
is  given  as  1  cent  per  sq.  ft,  which  includes  the  floating  and 
brush  coating. 

CONCRETE  FLOOR  CONSTRUCTION 
Since  the  thicknesses  and  sizes  of  floors  are  indicated 
on  the  drawings,  the  cubic  contents  of  the  floor-slab,  the  fin- 
ishing coat,  beams  or  girders  for  supporting  floor,  and  all 
other  necessary  details,  may  be  obtained  directly  from  the 
plans.  Generally  the  main  body  of  the  slab  is  of  a  different 
mixture  of  concrete  from  the  top  surface;  therefore  each 
should  be  taken  separately  from  the  drawings  and  figured. 

Beams  and  girders  may  be  figured  by  multiplying  the  arei 
of  cross-section  of  each  size  of  beam  or  girder,  in  square  feet, 
by  the  number  of  linear  feet  of  that  particular  size  of  beam 
or  girder  used  in  the  structure,  and  dividing  this  result  by 
27.  The  final  result  will  be  the  number  of  cubic  yards  of  con- 
crete needed  for  each  particular  size  of  beam  or  girder  in 
the  structura 
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If  the  floors  are  of  the  slab  type,  such  as  used  in  the 
"Mushroom"  or  "Splder-Web"  system,  the  contents  of  each 
floor  in  cubic  yards  may  be  found  by  simply  multiplying 
the  length  of  floor  in  feet  by  the  width  in  feet,  then  multi- 
plying this  result  by  the  thickness  in  feet,  and  dividing  by  27. 

If  any  material  other  than  concrete  is  used — such,  for 
example,  as  hollow  tiles,  which  are  employed  to  lighten  floors 
in  flreproof  construction — the  volume  occupied  by  the  ma- 
terial should  be  deducted  from  the  total  volume  of  the  floor. 

Cinder  concrete,  when  used  for  fireprooflng  or  deadening 
purposes,  should  be  flgured  separately. 

Granolithic  or  terrazzo  work  in  floors  should  also  be  taken 
ofF  in  a  separate  amount,  since  it  comes  under  a  different 
rating,  both  in  materials  and  in  labor.  In  work  of  this  kind 
it  Is  common  to  state  the  number  of  square  feet  of  surface 
to  be  laid,  as  well  as  the  amount  of  material  needed. 

An  approximate  rule  for  labor  on  ordinary  floors  is  to 
allow  one  man  one  day  for  each  1^  cu.  yds.  of  concrete. 

Cellar  Fioors.  The  cost  of  cellar  floors  of  concrete  will 
depend  upon  the  thickness  of  the  floor-slab  and  the  kinds  of 
Concrete  used.  In  determining  amounts  of  materials.  Table 
LXI  will  be  of  service: 

TABLE  LXI 
Materials  for  100  Square  Feet  of  Concrete  Floor 


Base,  1:2H:5  Mixture 

Wearing  Coat 

,  l;a  Mlxturs 

.    Thlcluiess.  Inches           | 

Tblckaess,  Inches 

2H 
1.10 

3 
1^0 

3H     4 
1.50  1.78 
0.55  0.63 

4H 
1.99 
0.70 

5 

2.21 
0.78 

H 

0.56 
0.16 

H 

0.85 
0.24 

1 
l.iZ 
0.32 

1.41 
0.40 

IH 
1.69 
0.47 

Z  ' 

GemeDt.  Bbls. 

2.M 

San<L  Cu.  yd. 

0.40  0.47 

0.M 

Stone,  Cu.  yds. 

0.80^0.94 

l.lOjl.26 

1.40 

1.56 

-mfm 

The  costs  for  laying  concrete  cellar  floors  will  be  about 
the  same  as  for  sidewalks  of  the  same  thickness,  except  in 
the  case  of  very  large  basements.  The  cost  of  lajring  will  be 
about  25  cents  per  sq.  yd.  less  than  for  sidewalks. 

In  small  work,  a  gang  consisting  of  one  flnisher  at  $6.00 
per  day,  and  five  laborers  at  $2.00  per  day,  will  lay  about  700 
sq.  ft  of  floor  surface  in  a  10-hour  day.  This  estimate  is 
based  on  a  floor  consisting  of  a  44nch  base  laid  on  a  cinder 
bed  and  having  a  %-inch  wearing  coat,  the  mixtures  of  con- 
crete being  as  given  in  Table  LXI. 
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With  cement  at  $2.00  per  barrel,  sand  at  $1.00  per  cu.  yd. 
and  broken  atone  at  $1.50  per  cu.  yd.,  tbe  cost  of  a  floor  of 
this  type  would  be  about  $1.25  per  sq,  yd.  for  materials  and 
labor. 

A  cheap  floor  for  light  use  is  made  by  laying  1  inch  of 
coarse  gravel  and  stone  chips  on  a  solid  earth  bottom,  and 
covering  with  an  upper  coat  of  1:3  cement  mortar  ^  in. 
thick.  This  type  of  floor  is  not  so  satisfactory  as  a  heavier 
type  of  construction,  but  costs  only  60  to  75  cents  per  sq.  yd. 

Terrazzo  Flooring.  Terrazzo  or  Venetian  flooring  is  of 
the  granolithic  type,  with  polished  surface,  the  body  consist- 
ing chiefly  of  an  aggregate  of  irregularly  shaped  angular 
fragments  of  white  or  colored  marble,  granite,  or  other  suit- 
able stone.  These  are  embedded  in  a  matrix  of  neat  cement 
paste;  and,  after  the  material  has  been  spread,  the  pattern 
is  brought  out  by  rubbing  and  polishing,  which  exposes  the 
aggregate. 

As  compared  with  other  'types  of  permanent  flooring,  the 
relatively  low  cost  of  terrazzo  is  shown  by  the  following 
comparative  statement  of  costs: 

Marble  mosaic  flooring 60  to  75  cents  per  sq.  ft 

Ceramic  tile  flooring. . . .  .• 35  to  50     "        "      "    " 

Terrazzo  flooring 20  to  30 - 

In  order  to  flgure  the  cost,  an  allowance  of  about  6  potmds 
of  aggregate  and  3  pounds  of  cement  should  be  made  to  the 
sq.  ft  of  1-in.  flooring.  To  this  must  be  added  the  cost  of 
labor,  from  mixing  to  a  flnal  polish,  which  is  about  8  cents 
per  sq.  ft  This,  of  course,  will  vary  in  difCerent  localities, 
but  the  price  given  is  figured  on  a  basis  of  labor  of  one  fore- 
man at  $5.00  per  day,  and  common  labor  at  $2.00  per  day. 

Granotlthic  Finfsh  on  Concrete  Floors.  The  following  fig- 
ures of  cost  for  the  finished  surface  of  granolithic  concrete 
fioors  are  average  results  obtained  by  an  experienced  Boston 
construction  company: 

For  a  1-in.  finished  floor  surface  laid  integral  with  and 
at  the  same  time  as  the  structural  concrete,  flnishers  being 
paid  50  cents  and  laborers  20  cents  per  hour,  the  costs  for 
100  square  feet  of  flnished  surface  were  as  follows: 

Finisher's  time $1.00  to  $1.30 

Mixing  and  placing  concrete 42 

Cement  1 IMOO  bbls.,  at  $1.40  per  bbl 1.56 

Sand,  3^  cu.  ft,  at  $1.00  per  cu.  yd 12 

Fine  stone,  3^  cu.  ft,  at  $2.00  per  cu.  yd. 25 

flies 


rr 


286    RADFORD'S  ESTIMATING  AND  CONTRACTING 

If  laid  after  the  structural  concrete  has  set,  and  not  ln« 
tegral  with  it,  the  total  cost  of  the  floor  will  be  about  $1^0 
more  per  100  sq.  ft 

If  finished  surface  is  reinforced  with  ^-in.  steel  bars  12 ' 
In.  on  centers  to  prevent  cracking,  add  40  cents  extra  labor 
for  mixing  and  placing  concrete,  and  30  cents  extra  labor  for 
finishing — or  70  cents  per  100  sq.  ft  For  placing  steel,  add 
60  cents  per  100  pounds,  with  cost  of  steel  about  $3.00  per 
100  pounds  at  the  Job. 

CONCRETE  COLUMNS  AND  PILASTERS 

When  columns  are  of  the  same  size  of  cross-section  from 
top  to  bottom,  their  cubic  contents  may  be  found  in  the  same 
manner  as  already  explained  for  walls  and  floors.  Multiply 
the  area  of  cross-section,  in  sq.  ft,  by  the  length  in  feet,  and 
divide  by  27.  If  all  the  columns  of  one  floor  are  of  the  same 
length  and  size,  the  total  quantity  of  concrete  needed  will, 
of  course,  be  found  by  multiplying  the  volume  of  one  column 
by  the  number  of  columns  on  that  floor. 

If  a  column  is  plain  in  design,  but  of  variable  cross-sec- 
tion, the  volume  may  be  found  by  multiplying  the  area  of  the 
average  cross-section  in  square  fe€t  by  the  length. 

If  a  shell  of  concrete  is  used  to  protect  an  iron  column, 
the  volume  of  concrete  needed  per  column  may  be  found  by 
subtracting  the  volume  of  the  Iron  column  from  the  volume 
of  the  finished  column. 

When  bases  or  caps  are  used,  they  should  be  figured  sep- 
arately, and  added  to  the  volume  of  the  plain  column.  Omar 
mental  work  and  bands  should  be  treated  likewise. 

An  approximate  labor  basis  for  colunm  work  is  to  allow 
one  man  one  day  for  each  one-half  cu.  yd.  of  concrete  placed. 

The  volume  of  pilasters  may  be  obtained  separately,  figur- 
ing each  size  of  pilaster  as  a  colunm  separate  from  the  wall 
of  which  it  is  a  part;  or  a  part  of  the  thickness  of  the  pilaster 
may  be  figured  in  in  getting  the  volume  of  the  wall  itself,  and 
the  projecting  portion  figured  separately  and  added  to  the 
total. 

Curtain  wails  may  be  figured  as  a  vertical  slab,  dividing 
the  product  of  the  three  dimensions  (length,  breadth,  and 
thickness),  in  feet  by  27,  in  order  to  get  the  contents  in 
cubic  yards.  The  volume  of  all  openings  of  any  considerable 
size  should  be  deducted.  Projections  or  ornamental  work 
should  be  figured  separately,  and  added  or  deducted,  as  the 
case  may  be. 

Belt-Courses,  Cornices,  and   Exterior  Ornamentation.    All 
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work  which  projects  from  the  flat  surface  of  the  wall  or  pilas- 
ter should  be  figured  separately,  and  added  to  the  volume 
already  obtained.  Often  it  is  difficult  to  find  the  exact  cubic 
contents  of  irregular  work,  but  this  difficulty  may  be  largely 
overcome  by  dividing  the  irregular-shaped  body  into  a  num- 
ber of  small,  regular-shaped  parts,  and  adding  the  volumes 
of  these. 

If  belt-courses  or  cornices  are  of  a  different  material  from 
that  used  in  the  walls,  make  a  separate  note  of  each  kind  of 
materia],  and  consider  same  individually  in  making  up  the 
estimate. 

Since,  in  many  kinds  of  material,  belt-courses,  cornices, 
sills,  lintels,  etc.,  are  measured  and  priced  at  a  certain  price 
per  linear  foot  of  a  certain  size,  especially  where  the  above 
are  furnished  as  separate  members  to  be  placed  in  the  struc- 
ture during  the  progress  of  the  work,  it  is  well  to  take  from 
the  plans  the  number  of  linear  feet  of  cornice,  belt-courses, 
etc.,  and  note  each  kind  of  material,  together  with  the  size 
of  cross-section  and  number  of  linear  feet  needed. 

Care  should  be  taken  when  figuring  monolithic  work,  to 
recognize  the  extra  cost  for  form  work  which  will  necessarily 
accompany  any  deviation  from  the  plain  flat  surface  of  the 
ordinary  wall.  Costs  for  such  work  cannot  be  standardized 
to  take  care  of  all  cases;  and  the  contractor  is  forced  to 
use  his  Judgment,  basing  his  cost  on  a  careful  analysis  of 
the  actual  materials  and  labor  necessary  in  producing  the 
change  in  the  form,  and  adding  this  increase  in  cost  to  the 
original  plain  construction  cost. 

STAIRS  AND  STEPS 

In  determining  the  materials  needed  for  stairs  and  steps, 
a  careful  study  of  the  plans  will  show  that  a  division  into 
simple  parts  is  possible.  For  flying  steps  or  stairs,  the 
stringers  may  be  figured  by  finding  the  section  area  and 
length.  The  volume  of  material  needed  for  one  step  may 
be  multiplied  by  the  number  of  steps,  and  the  total  volume 
determined  by  adding  the  volume  needed  for  the  stringers. 

In  cast  steps,  or  steps  where  a  coarser  grade  of  concrete 
iB  to  be  faced  with  a  richer  mixture,  care  should  be  taken  to 
separate  the  volumes  of  the  two  grades  of  concrete,  since 
there  is  a  diHerence  in  the  cost  of  each. 

A  rule  for  labor  costs  on  stairs  and  steps  is  to  allow  one 
man  one  day  for  each  %  cu.  yd.  of  concrete  used.  It  is 
sometimes  stated  that  two  men  working  together  will  aver- 
age 1  cu.  yd.  of  concrete  per  day  on  stairs  or  steps,  including 
the  building  of  forms. 
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CHIMNEYS  AND  SMOKESTACKS 
The  simplest  manner  of  determining  the  volume  of  con- 
crete needed  in  constructing  a  chimney  or  smokestack  is  as 
follows: 

If  chimney  is  of  one  thickness  from  bottom  to  top,  find 
the  cubic  contents  of  the  chlnmey  figured  as  solid,  and  sub- 
tract from  this  result  the  cubic  contents  of  the  inside,  or 
open  part,  of  the  chimney,  also  figured  as  solid.  For  exam- 
ple, if  a  chimney  is  to  be  built  25  feet  high  with  8zl2-inch 
flue,  walls  4  Inches  thick,  the  outside  dimensions  of  the 
chimneys  will  be  16x20  Inches.  We  shall,  therefore,  need 
from  the  above: 

16    20 

—X—X  25=55.6  cu.  ft 

12    12 


less 


or 


8    12 
— X— X25=16.7  cu.  ft 
12    12 


55.6—16.7=38.9  cu.  ft 
38.9 

=1.44  cu.  yds.  of  concrete. 

27 
If  the  chimney  or  smokestack  is  of  different  thicknesses, 
or  of  different  sizes  of  cross-section,  at  various  parts  of  Its 
height,  divide  the  entire  height  Into  sections  (of  equal  thick- 
nesses if  possible),  and  figure  each  section  separately,  add- 
ing the  various  results  for  the  total. 

Ornamental  work  of  any  kind  at  top  of  chimney  will  have 
to  be  figured  separately,  and  added  on  to  give  total. 

SIDEWALKS  AND   CURBS 

Quantities  of  materials  needed  for  sidewalks  and  curbs 
are  determined  In  the  same  general  way  as  already  outlined. 
The  specifications  and  plans  according  to  which  the  work  is 
to  be  performed,  will  give  all  sizes  of  slabs,  thickness  of  top 
coat,  base,  and  sub-base,  together  with  the  mixture  to  be 
used  in  each  layer.  fYom  these  dimensions,  the  number  of 
cubic  yards  of  each  kind  of  concrete  may  be  obtained;  and 
from  a  table  of  mixtures,  such  as  Tables  LiXXXI  and  XC,  the 
amounts  of  materials  may  readily  be  figured. 

The  number  of  cubic  yards  of  cinders  or  other  material 
for  sub-base,  is  figured  in  the  same  manner  as  you  would 
figure  a  thick  floor-slab. 
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Gnrbs  are  figured  by  separating  the  yolumes  of  coarser 
mixture  of  concrete  used  from  the  facing  mixture,  and  de« 
termlning  quantities  as  for  sidewalks. 

Careful  attention  should  be  paid  to  plans  and  specifications 
in  both  of  the  above  cases,  since  a  difCerence  in  the  quality 
of  the  mixture  used  in  figuring,  from  that  specified,  may 
make  quite  a  considerable  difCerence  in  the  ultimate  cost. 

Costs  are  generally  given  at  a  certain  price  per  square 
foot  or  square  yard  of  surface  of  walk;  but  to  obtain  same 
correctly,  the  exact  quantities  of  materials  used  must  be  de- 
termined, or  the  exact  conditions  governing  the  construction 
upon  which  the  price  was  based  must  be  known.  It  is  even 
safer,  then,  to  detail  the  cost  in  each  individual  case  and 
obtain  your  own  standards. 

In  getting  together  the  quantities  which  go  to  make  up 
the  costs  of  sidewalk  and  curbing  work,  drainage  should  not 
be  forgotten.  If  broken  stone  or  tile  drains  are  to  be  laid, 
include  excavation  for  same,  together  with  amounts  of  ma- 
terial needed.  | 

The  following  estimate  of  a  6-ft  wide  walk  will  serve  as  a 
guide  in  forming  similar  estimates: 

Work  consisted  of  a  4-in.  base  slab  of  1:2^6:6  concrete 
laid  on  an  8-in.  cinder  fill,  and  finished  with  a  %-in.  top  coat 
of  1:1^  cement  mortar.  The  stone  for  the  concrete  ranged 
in  size  from  %  to  %-in.  The  sand  was  a  good  grade  of  lake 
sand  passing  a  %-ln.  screen.    Mixing  was  done  by  hand. 

Material  Coat 
Basis  of  100  square  feet  of  walk  surface. 

Cement,  2.5  barrels,  &  $2.00  per  barrel $6.00 

Sand,  .77  cubic  yard,  @  $1.00  per  cu.  yd 77 

Broken  stone,  1.11  cubic  yards,  &  $1.50  per  cu.  yd.  1.66 
Cinders,  2.7  cubic  yards,  ®  $0.50  per  cu.  yd 1.35 

Total  cost  of  materials  per  100  square  feet.  .|8.78 

Labor  Cost. 

One  finisher  @  $5.00  per  day $  5.00 

Five  laborers  @  $2.00  per  day 10.00 

Cost  per  100  sq.  ft.  on  basis  of  700  sq.  ft  laid 

per  10-hour  day  2.14 

Total  cost  for  labor  and  materials  per  100  sq.  ft.  10.92 

This  makes  the  cost  of  the  work,  without  forms,  about  11 
eents  per  sq.  ft  for  this  type  of  slab. 

A  barrel  of  Portland  cement  should  contain  380  pounds 
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net    One  operator  states  that  If  work  is  well  tamped,  a  bar» 
rel  win  yield  the  following  for  sidewalk  work: 


Cement 

Concrete  ooone 1 

Top  ooune 8 


Conorete  oouzee 1 

Top  ooune 8 


Conorete  ooune 1 

Top  ooune 8 


Concrete  ooune 1 

Top  ooune 3 


Concrete  ooune 1 

Top  ooune 8 


Conorete  ooune 1 

Top  coune 8 


Band 


Grayel 
6 


Thicknev 
8  inch 
1  inch 


4  inch  walk 

I   ? 

Scinch 
^inch 

4inchwalk 

l^^ 

4>^  inch  walk 

4  inch 
linch 

5  inch  walk 

4^inch 
IV?  inch 

6  inch  walk 

6Hinch 
IHinch 

FerBbL 


fi2aq.fU 


£5  80.11^ 


49«i.||^ 


428q.fl. 


31 1 


34ki.II. 


8  inch  walk 

See  also  section  on  Sidewalks,  Curbs,  and  Gutters. 

CONCRETE   REINFORCEMENT 

Measurements.  The  quantity  of  steel  or  other  reinforc- 
ing material  may  be  obtained  directly  from  the  plans  of  the 
work,  and  should  be  separated  into  lots  of  a  given  size  and 
length  of  bar.  In  this  way  the  number  of  pounds  of  steel 
needed  may  be  made  up  easily  from  a  table  giving  weights 
per  foot  of  lengths  for  bars  of  different  sizes.  Also,  any  sizes 
which  are  not  base  may  be  indicated  and  figured  as  "extra." 

Expmded  metal  or  wire  cloth  should  be  flgrured  by  deter- 
mining the  number  of  square  feet  of  the  material  needed,  and 
the  gauge  of  the  metal  or  the  wires,  as  the  case  may  be. 
Manufacturers'  catalogues  contain  the  weight  per  square  foot 
of  the  various  sizes,  and  the  prices  for  same. 

If  stirrups  are  used  in  beam  or  girder  work,  note  whether 
they  are  fastened  to  the  longitudinal  rods  or  not;  and,  if 
fastened,  note  method  of  fastening. 

Unit-frames  should  be  figured  by  themselves,  and  prices 
may  be  obtained  directly  from  the  manufacturers. 

Do  not  overlook  the  material  needed  for  wiring  together 
reinforcing  rods  where  they  cross;  and  be  sure  to  allow  tor 
labor  in  connection  with  same. 
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A  record  of  the  number  of  bars  of  different  sizes  wliich. 
are  to  be  bent,  cut,  or  worked  over  in  any  manner,  will  be 
of  sreat  service  in  estimating  the  total  cost  of  reinforcement. 
For  this  purpose  we  reproduce  a  form  of  Material  Sheet  aa 
used  by  the  Northwestern  Expanded  Metal  Co. 

If  the  contractor  is  fortunate  enough  to  have  access  to 
a  complete  schedule  of  shapes,  dimensions  and  weights,, 
which  is  sometimes  drawn  up  to  accompany  plans  when  sub- 
mitted to  bidders,  his   work  will  be  simplified. 

Or,  if  the  amount  of  steel  needed  is  specified  as  a  per^ 
centage  of  volume  of  the  concrete  which  is  reinforced,  the 
following  rule  may  be  used: 

If  the  reinforcement  is  1  per  cent  of  the  volume  of  the 
concrete  (the  concrete  only  which  contains  reinforcement), 
there  will  be  1-100  of  27  cu.  ft  of  steel  needed  for  each  cu. 
yd.  of  concrete,  or  27-100  of  a  cu.  ft  Since  a  cu.  ft.  of  steel 
weighs  about  490  pounds,  the  amount  of  steel  needed  per  cu. 
yd.  of  concrete  to  be  reinforced  will  therefore  be: 
27 

X  490=132.3  pounds. 

100 

TABLE   LXII 

Weight  of  Steel  Needed  per  Cubic  Yard  of  Reinforced  Concrete 

QnanUty  of  steel  indicated  as  a  certain  percentage  of  volume 

of  concrete. 


PnCBirroF 

8TBSL 


:S 
I 


LB8.J 


PBS^C&rroF 
Stbel 


.n 

.85 

.90 
M 

in 

1.20 


Stbl.  not  J 
Cu.  Yd.         1 


106.0 
112.4 
110.0 
125.7 
182.0 
180.0 

ISOil 
1S0.7 
105.4 


Caxe  shonid  be  taken,  in  connection  with  tbe  above  table^ 
set  to  eonfonsd  the  percentage  of  steel  siven  in  the  first  column 
with  the  percentage  of  steel  when  stated  m  terms  of  the  sectional 
axea  of  a  Deam  or  slab.  The  term  "1  per  cent  of  reinforcement'* 
is  used  in  formulas  for  figuring  the  strength  of  beams,  but  is 
used  as  a  percentage  of  the  sectional  area  of  the  beam  above 
the  center  of  the  reinforcing  rods,  and  not  of  the  whole-  cross- 
'eection  of  beam.  Therefore,  even  with  plain,  straight  bars 
extending  thronghoni  a  beam,  there  would  be  a  considerable 
difference  between  ^  two  percentages. 


f^ 
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Table  LXII  shows  the  weight  of  steel  needed  per  cubic 
yard  of  reinforced  concrete,  for  percentages  of  volume  vary- 
ing from  %  of  1  per  cent  up  to  1%  per  cent 

As  an  aid  in  determining  the  weight  of  steel  needed 
when  sizes  and  lengths  of  rods  or  bars  are  known,  or  when 
gauges  or  ratings  of  metal  fabric  are  stated,  several  accom- 
panying tables  have  been  prepared.  If  these  do  not  include 
the  material  used,  figures  of  a  similar  sort  may  be 'obtained 
from  the  manufacturer  from  whom  the  product  was  pur- 
chased. Various  types  of  deformed  bars  are  illustrated  in 
Plate  IL 

TABLE    LXIII 

Weights  of  Round  and  Square  Bart 

TBICXKBSSOBDXAMIXBB  SQUAftBBAS^     BOOHDBABt 

(Incbes)  '                                               (Lbs.  per  ft)  (Ltts.  per  ft) 

A 013  .010 

Vs 053  .042 

W...... .119  .094 

% 212  .167 

VV 333  ^1 

% 478  .376 

^ .651  .511 

% 850  .688 

A V 1.076  .845 

% 1.328  1.043 

H ^ 1.607  1.262 

% 1.913  1.502 

% 2.608  2.044 

4 3.400  .2,670 

1% -£303  3.380 

1% 6.312  4.172 

IVz 7.650  6.008 . 

1%. r^     10.404  4.178 

2    •.     13.600       10.680 

Manner  in  Which  Reinforcement  la  Sold.  All  steel  rods 
and  bars  are  sold  from  what  is  called  a  base  price.  This 
base  price  coyers  all  rods  or  bars  from  %-in.  diameter  up  to 
3  1/16-in.  diameter.  On  bars  less  than  %-in.  diameter,  there 
is  what  is  called  a  size  differential,  which  is  a  charge  of  a 
fractional  part  of  one  cent  a  pound  above  the  base  prica 
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The  present  differentials  for  sizes  are  given  as  follows: 

%-inch  bar  Base 

11/16    "        '•        


% 
9/16 

"A 
7/16 

% 
5/16 


$0.05 

per 

cwt- 

.05 

i< 

M 

.10 

M 

«« 

.10 

i< 

M 

.20 

<« 

i< 

.25 

«< 

M 

.35 

•« 

M 

.50 

*t 

M 

The  above  list  of  differentials  is  based  on  plain  materiaL 

There  is  also  what  is  known  as  a  shearing  difFerentiai. 
This  is  a  cost  of  .05  cent  per  pound  extra  on  all  bars  less  than 
6  ft.  in  length. 

A  quantity  differential  is  an  extra  charge  of  .15  cent  per 
pound  for  shipments  from  the  mill  of  less  than  2,000  pounds 
of  material. 

The  actual  cost  of  material  at  the  work  is  made  up  of 
the  above  quantities,  together  with  the  freight  rate  from  the 
mill  to  the  point  of  delivery,  and  the  cost  of  hauling  to  the 
site. 

TABLE   LXIV 

Weights  of   Deformed   Bars 

RANSOMB   TWISTED  BAR 
Sizs  Absa 

llDchei)                                                          LB8.PBBPT.  (SQoare  lDcbM> 
%. 212  .063 

V2 850  .250 

% 1.32  .320 

% 1.91  .563 

Vs 2.6  .765 

1     : 3.4  1.00 

1% 5.3  1.563 

CUP  BARS 

8i^  tBS.  Sizs  Lit. 

4lDtbci>  pcxPr.      (iQcbei)  pnrtL 

% 48  7/8 2.65 

^ • oo  1      .•.•.•••..^••>.  ••  3.4o 

% .• 1.35  1% 4.38 

%.. , ;1.95  1% , 6.41 
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JOHNSON  OR  CORRUGATED  BARS 
8fn  Ajisa 

<lBchet)  Lb8.i'BkFt.  (SqaarttlficbM) 

14 24  .06 

% 85  .25 

% 1.33  .39 

% 1.91  .56 

% 2.60  .77 

1     3.40  1.00 

1% ; 5.31  1.56 


DIAMOND  BARS 
Sib 
<lBciic«ji  Lbs.  pib  Ft. 

% M 

% 1.33 

% ' 1.91 

% 2.60 

1     3.40 

1%.., 5.31 

TWISTED  LUG  BARS 


(Sqaare  InciiM) 

.25 

.39 

.56 

.76 
1.00 
1.5C 


4InchM)  LBS.  rat  Ft.  (BqurtlncbM) 

V4 222  .063 

% 87  .250 

% 1.35  .391 

% 1.94  .563 

% 2.64  .766 

1 3.45  1.00 

1% 5.37  1.56 

IVs 7.70  2.25 

Steel  bars  for  reinforcement,  %-in.,  20  feet  long,  may  l>e 
onloaded  from  box  cars  and  placed  on  ground  beside  car  for 
as  low  as  32  cents  per  ton;  bat  where  rods  are  carried  300 
ft  and  piled  on  racks  in  steel  shed,  the  cost  may  be  as  high 
as  $3.00  per  ton.  These  costs  are  based  on  common  labor  at 
17^  cents  per  hour,  and  foreman  at  30  cents  per  hour. 

The  prices  of  *steel  reinforcing  bars  (July,  1913),  are  as 
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TABLE  LXV 
Sizes  and  Weights  of 'Expanded  Metal 


•L,                                                     ■=r            .                               == 
SiZK  or  MESE— WlDTU 

Area 
SQ.In. 

12  la. 
Width 

Wclcht. 

Hio.          Xia,     \     VAin.     \     Zli'in.     \      3  in. 

Lbs. 

per 

So.Pk 

EXJpANDED  M£TAL  NUMBERS 

20-K 

10-1  w 

20-1 H 
2S-1H 
20-lH 

05-2U 
10-2)i 
l&-2^ 
20-22 
25-2? 
30-2H: 
35-2J4 
40-2Si 

OS-3 

10-3 
15-3 
20-3 

.10 

:» 

.25 
.SO 
.35 

.40 

.17 

.U 

.51 

M 

M% 

1.02 

l.lli 

1.35 

Rbcoxar  Lenctbs— Feet 

Stcck  Widths— 

S 

S 

8 

,1 

% 
12 

2.  4.  <.  S 
2.  3.4.  6.  « 

Only  the  3-isch  mesh  shotdd  be  used  for  reinforce- 
ment. The  smaller  meshes  are  used  for  screens,  f enieuig, 
and  for  reinforcing  roofing  tile. 

Waste  and  cutting  charged  for  lengths  or  widths ^not 
shown  in  table. 

First  two  figures  in  number  give  area  in  square  inches 
per  12-inch  width.    Other  figures  give  width  of  mesh. 

TABLE  LXVI 
Sizes  and  Weights  of  Kahn  Rib  Metal 

AREA 

Sizi^  Weight  Sq.  Id.  per 

Number  Lbs-pcrSq.  FC.   12-lDcbWldtb 

2 2.13  .54 

3 1.43  .36 

4 1.08  .27 

5 87  .22 

6 72  .18 

7 62  .15 

8 55  .14 

follows:  Base  sizes,  shipment  from  Pittsburgh  stock,  1.96 
cents  per  lb.;  New  York  stock,  2.25  cents;  Chicago  stock, 
2.05  cents.    These  prices  are  for  large  lots. 

Other  quotations,  with  card  of  extra  charges  for  small  lots 


CONCRETE  CONSTRUCTION  297 

or  odd  sizes,  will  be  found  in  the  section  on  Steel  Construo- 
tion. 

The  cost  of  reinforcement  of  concrete  work  will  vary 
greatly  with  the  percentage  of  steel  used,  the  amount  of  ' 
work  necessary  to  put  the  steel  in  a  condition  ready  to 
be  placed  in  the  concrete,  whether  unit-frames  or  separate 
bars  are  used,  the  market  price  of  steel,  and  many  other 
conditions  which  cannot  be  covered  by  any  one  price  elastic 
enough  to  fit  all  conditions. 

We  have  already  outlined  carefully  the  method  of  deter- 
mining the  weight  of  steel  needed  in  a  structure,  and  have 
provided  tables  covering  the  more  common  forms  of  rein- 
forcement. It  now  remains  for  the  contractor  to  determine 
the  weights  and  sizes  of  the  steel  needed,  and  apply  the  cur- 
rent market  price  to  same.  As  cautioned  before,  remember 
that  sizes  other  than  base  are  rated  at  a  higher  price  per 
pound.  The  standard  size  of  rod  on  which  a  base  price  is 
assumed  is  %  inch.  For  sizes  below  %  inch,  an  extra  price 
is  charged  according  to  the  rate  card. 

The  cost  of  deformed  rods  will  run  from  y^  cent  to  1  cent 
per  pound  more  than  the  cost  of  plain  rods,  except  in  the 
case  of  the  twisted  Ransome  bar,  which  is  stated  to  cost  only 
about  1/10  to  1/5  cent  extra  per  pound  for  twisting  the  square 
bars. 

Godfrey,  in  his  work  on  Concrete,  states  that  structural 
steel  used  as  reinforcement  for  concrete  costs  about  2^ 
cents  per  pound  in  place.  Other  engineers  state  that  for 
plain  work  such  as  retaining  walls,  arches,  and  ordinary 
structures,  the  cost  of  putting  in  steel  alone  is  from  %  to 
H  cent  per  pound,  and  in  building  work  may  run  as  high  as 
1  cent  per  pound.  It  is  also  stated  that  where  some  form 
of  unit-frame  reinforcement  is  used,  the  cost  will  be  from 
^  to  H  more  than  where  the  ordinary  bar  reinforcement  is 
used. 

In  keeping  records  of  the  cost  of  work  containing  rein- 
forcement, be  isure  to  separate  the  concrete  which  is  to  be 
reinforced  from  the  plain  concrete,  if  the  cost  of  steel  used 
is  desired  in  terms  of  the  number  of  cubic  yards  of  concrete 
reinforced. 

FORMS  FOR   CONCRETE   WORK 

The  cost  of  forms  may  be  stated  in  one  of  three  ways: 

1.  In  cents  per  cubic  yard  of  concrete  used. 

2.  In  cents  per  square  foot  of  concrete  surface  to  which 
the  forms  are  applied. 
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3.  In  cents  per  1,000  feet,  board  measure,  of  lumber  used 
in  constructing  the  forms. 

It  is  common  practice  to  state  the  cost  of  forms  in  cents 
per  cubic  yard  of  concrete,  giving  the  cost  of  lumber  and 
labor  separately. 

An  analysis  of  the  cost  of  forms  should  be  taken  in  such 
a  manner  as  to  include  the  first  cost  of  the  lumber  per  1,000 
feet,  board  measure;  the  number  of  times  that  this  lumber  is 
used ;  together  with  the  labor  costs  of  framing,  setting  up,  and 
taking  down  the  forms  each  time  that  they  are  used,  and 
expressed  in  dollars  and  cents  per  1,000  feet,  board  measure. 
In  making  future  estimates  on  work  of  a  similar  nature,  this 
method  of  figuring  may  be  used  to  great  advantage,  especially 
if  the  number  of  square  feet  of  concrete  surface  covered  by 
the  forms  was  noted  and  made  a  part  of  the  memoranda. 

Many  advocate  the  scheme  of  filing  a  sketch  showing  the 
detailed  construction  of  the  form  upon  which  a  certain  price 
was  based. 

The  following  method  is  often  advocated  as  a  guide  in  esti- 
mating the  amount  of  lumber  needed  for  forms: 
Lumber  for  Forms.  Knowing  the  time  limit  within  which 
the  work  must  be  completed,  find  the  number  of  cubic  yards 
of  concrete  that  must  be  laid  in  one  day,  allowing  a  fair 
percentage  of  time  for  delay  in  the  progress  of  the  work. 
Knowing  the  dimensions  of  the  work,  find  the  number  of 
thousand  feet,  board  measure,  of  forms  required  to  encase 
and  support  in  place  the  amount  of  concrete  which  must  be 
placed  each  day.  Determining  from  experience,  or  from  the 
specifications  of  the  work,  the  number  of  days  that  the  forms 
must  be  left  in  place  on  each  part  of  the  work,  a  fair  esti- 
mate of  the  amount  of  lumber  needed  will  result. 

The  amount  of  water  used  in  the  concrete  plays  quite  an 
important  part  in  the  length  of  time  needed  for  setting,  since 
a  "dry,"  well-rammed  mixture  will  often  set  hard  enough  for 
the  forms  to  be  removed  in  12  hours  after  the  placing  of  the 
concrete.  A  "wet"  or  "sloppy"  concrete  would  require  more 
lumber  for  the  job  on  account  of  the  slowness  in  hardening 
of  the  concrete. 

Cold  weather  has  the  same  effect  in  delaying  the  setting 
of  the  concrete,  and  should  also  be  considered  in  figuring 
costs  of  forms. 

For  work  where  there  is  any  bending  action  or  transverse 
strain,  or  where  loads  of  any  kind  are  likely  to  be  placed 
upon  the  structure,  the  forms  must  necessarily  be  left  in 
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place  for  a  considerable  length  of  time.  In  this  class  of  work 
more  lumber  would  be  required  than  in  plain  wall  work,  in 
order  that  the  work  might  progress  without  interruption. 

Different  conditions  of  materials,  climate,  season  of  year, 
together  with  the  class  of  structure  and  its  use,  determine 
largely  the  amount  of  capital  which  will  have  to  be  tied  up 
In  forms. 

The  following  statements  in  regard  to  the  length  of  time 
that  forms  should  be  left  in  place  are  only  approximate. 
Inspection  by  the  architect  or  engineer  in  charge  is  to  be 
recommende'd  in  all  cases  before  forms  are  removed  by  the 
contractor. 

Walls  In  mass  work — ^1  to  3  days,  or  until  the  concrete 
will  bear  pressure  of  the  thumb  without  indentation. 

Thin  walls — ^in  summer,  2  days;  in  cold  weather,  5  days. 

8hort'«pan  slabs  up  to  6  ft.  span — in  summer,  6  days;  in 
cold  weathec  2  weeks. 

Beams  and  girders  and  long-span  slabs — ^in  summer,  10 
days  or  2  weeks;  in  cold  weather,  3  weeks  to  1  month. 
If  shores  are  left  without  disturbing  them,  the  time  of  re- 
moval of  the  sheeting  in  summer  may  be  reduced  to  1 
week. 

Columns— in  summer,  2  days;  in  cold  weather,  4  days, 
provided  girders  are  shored  to  prevent  appreciable  weight 
reaching   columns. 

Conduits — 2  or  3  days,  provided  there  is  not  a  heavy  fill 
upon  them. 

Arches — small  size,  1  week;  large,  with  heavy  dead  load, 
1  month. 

It  is  policy  to  lay  out  the  form  scheme  for  a  structure 
In  advance;  and  from  this  plan  the  number  of  sq.  ft.  of  con- 
crete surface  to  be  covered  may  readily  be  figured  by  ap- 
plsrlng  the  common  rules  for  figuring  areas.  The  sizes  of 
struts  and  supporting  members  are  determined  by  the  ordi- 
nary rules  of  design,  and  the  entire  quantity  reduced  to 
board  measure,  or  the  equivalent  number  of  linear  feet 
of  material  12  in.  wide  and  1  in.  thick. 

In  arranging  this  plan  for  the  construction  of  forms,  lay 
out  as  much  of  the  work  as  possible  in  sections  or  panels, 
which  may  be  used  a  number  of  times  without  tearing 
apart  This  will  not  only  save  the  material  from  the  wear 
and  tear  resulting  from  dismembering,  but  will  cut  down 
the  cost  of  handling  in  the  structure. 
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TABLE  LXVII 
Safe  Strength  of  Wood  Struts  in  Forms  for  Floor  Construction 

Pounds  per  Sq.  In.  of  CuoM-Seenoir 


Length  of  Strut 

3x4in. 

4x4  in. 

6  x6  in. 

8x8in. 

14  ft. 

700 

900 

1.100 

12  ft. 

000 

800 

1.000 

1,200 

.  10  ft. 

700 

900 

1.100 

1.200 

8  ft. 

850 

1.050 

1,200 

1.200 

'     6  ft. 

1.000 

1.200 

1.200 

1.200 

/  Cost   of   Forms 

As  previously  stated*  the  cost  of  forms  may  be  quoted 
at  a  certain  price  per  cubic  yard  of  concrete  enclosed,  or 
at  so  much  per  square  foot  of  surface  covered  by  the  forms. 

The  cost  of  forms  varies  with  the  type  of  structure  and 
the  amount  of  irregularity  in  the  surface  to  be  supported. 
On  ordinary  wall  work  the  cost  of  rough  plank  forms  may 
be  as  low  as  50  cents  per  cu.  yd.  of  concrete  for  a  wall  3 
ft.  thick.  This  price  includes  both  labor  and  lumber,  with 
both  sides  of  the  wall  supported.  For  buildings  of  symmet- 
rical design,  the  cost  of  forms  for  walls,  including  lumber 
and  labor  on  forms,  may  be  as  low  as  9  to  12  cents  per 
sq.  ft.  of  surface  of  forms;  but  if  these  forms  can  be  used 
only  once,  the  price  may  be  doubted. 

For  plain  work  such  as  dams  and  retaining  walls,  the  cost 
of  framing  and  erecting  forms  will  be  about  $7.00  per  thou- 
sand feet,  board  measure;  while  the  cost  of  tearing  down  in 
order  to  move  will  amount  •to  about  $2.00  per  thousand  in 
addition.  If  the  forms  are  built  in  panels,  to  be  used  over 
and  over  again,  the  cost  of  moving  to  a  new  location  may 
be  as  low  as  60  cents  per  thousand  feet,  board  measure. 

Gillette,  in  his  "Handbook  of  Cost  Data,"  has  given  a 
rule  for  determining  the  cost  of  plain  forms  for  piers  and 
retaining  walls,  which  should  prove  of  value.  The  rule  is 
based  on  the  assumption  that  2-in.  planks  are  used  for  the 
forms,  and  ihat  each  square  foot  of  face  requires  40  per 
cent  as  much  material  to  hold  it  in  place.  This  assumiH 
tion  would  allow  40/100  of  2  board  feet,  or  8/10  of  a  board 
foot  of  bracing  and  2  board  feet  of  planks,  for  each  sq.  ft 
of  surface  covered.  The  price  of  lumber  is  taken  as  |25.00 
per  thousand  board  feet,  and  the  forms  are  figured  to  be 
used  4  times. 

This  rule  states  that  the  cost  of  forms  per  cu.  yd.  of 
wall  for  plain  work  may  be  estimated  by  dividing  the  set 
price  of  $3.80  by  the  product  obtained  by  multiplying  the 
thickness  of  the  wall  in  feet  by  the  number  of  times  the 
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fonns  are  to  be  used,  and  adding  to  this  the  result  obtained 
by  dividing  11.20  by  the  thickness  of  the  wall  in  feet 

The  first  part  of  this  empirical  rule  is  supposed  to  give 
the  cost  of  the  lumber  needed;  and  the  second  part,  the 
cost  of  the  labor  for  taking  down  and  erecting. 

If  building  work  is  to  be  figured,  the  above  data— which 
relate  to  wall  construction — ^will  be  of  little  service,  since 
a  greater  percentage  of  supporting  lumber  will  be  needed, 
the  cost  of  framing  same  will  be  more,  and  the  forms  in 
many  instances  will  have  to  be  left  in  place  for  a  longer 
lime  than  in  ordinary  wall  work,  thereby  requiring  a  greater 
outlay  for  lumber. 

The  most  satisfactory  way  to  estimate  the  cost  of  forms 
for  a  particular  piece  of  work  is  to  measure  up  the  amount 
of  lumber  needed  as  outlined  above  imder  "Lumber  for 
Forms,"  taking  care  that  enough  material  is  figured  on  so 
that  the  forms  will  be  rigidly  supported.  Then  allow  |6.00 
to  $8.00  per  thousand  feet  of-  lumber,  board  measure,  for 
framing  and  erecting.  This  will  apply  fairly  close  in  simple 
work. 

The  costs  for  removing  and  changing  forms  have  already 
been  given. 

A  check  on  the  estimate  thus  formed  would  be  to  have 
a  carpenter  estimate  on  the  cost  of  framing,  and  see  if  his 
estimate  compared  favorably  with  the  price  given  above. 

Reference  to  Tables  I  and  LXVIII  will  show  a  variation  in 
the  cost  of  forms,  depending  on  their  location  in  the  structure. 

As  an  example  of  the  labor  connected  with  the  above- 
mentioned  cost  of  forms  and  centering,  we  quote  an  answer 
tc  an  inquiry  made  as  to  the  cost  of  labor  on  building 
walls  consisting  of  piers  2  ft  square,  with  8-inch  curtain 
walls  between,  the  reinforcement  consisting  of  an  ordinary 
type  of  deformed  bar: 

"The  labor  cost  in  concrete  form  building  is  a  very  un- 
certain figure,  as  no  two  men  do  the  same  amount  of  work 
per  day.  I  have  had  a  squad  of  carpenters  and  helpers 
who  would  build  forms  for  24  by  24-ln.  columns  at  less  than 
10  cents  per  foot  height;  and,  again,  I  have  seen  it  cost 
as  much  as  35  cents  per  foot.  Then,  conditions  make  a  wide 
difference;  and  I  recall  an  Instance  where  forms  cost  as 
much  as  70  cents  per  cu.  ft.  of  concrete,  as  no  form  could 
be  used  over  again  in  stories  higher  up.  The  side-wall 
forms  are  worth  from  6  to  20  cents  per  sq.  ft.  for  labor; 
but  it  is  all  guesswork,  for  even  the  nature  of  the  lumber 


r 
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TABLE   LXVIII. 
Cost  of  Various  Classes  of  Concrete  Work 
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affects  the  labor  cost  data;  besides,  you  must  remember  that 
the  cost  of  forms  Is  always  the  big  Item  In  reinforced  con- 
crete, and  until  we  have  a  system  of  changeable  forms  it 
always  will  be.  I  recall  an  instance  where  a  contracting 
firm  underestimated  the  cost  of  forms  |28,000  on  a  building 
which  they  contracted  to  build  for  the  sum  of  $230,000.  In 
fact,  their  estimate  as  to  cost  of  forms  was  only  |17,000, 
and  the  total  cost  amounted  to  $45,000. 

"The  cost  of  labor  per  cu.  yd.  for  reinforced  work  of  sizes 
given  will  be  as  follows:  I^rst-story  columns,  $2.35  per  yard; 
walls,  $2.75  per  yard.  Second-story-columns,  $2.66  per  yard; 
walls,  $3.00  per  yard;  and  so  on  up.  These  figures  are  based 
on  machine-mixing  and   elevator." 

Experience  Cost  Data.  Table  LXVIII  shows  a  detailed  coo» 
sideration  of  the  costs  of  reinforced  concrete  construction 
work.  The  steel  cost  given  at  the  end  of  the  table  applies 
only  to  cost  of  putting  in  place,  and  does  not  cover  purchase 
price.  These  costs  Were  obtained  from  a  very  large  cor* 
I>oration  engaged  exclusively  in  reinforced  concrete  work 
and  employing  as  superintendents  and  foremen  experienced* 
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skilled  men.  The  average  contractor  handling  occasional 
Jobs  cannot  hope  to  reach  these  figures  except  under  very 
tavorable  circumstances. 

The  costs  of  concrete  work  given  in  Table  I  were  com- 
piled by  Mr.  L.  C.  Wason,  and  represent  results  obtained 
from  careful  observation  over  a  long  period. 

Table  LXX  will  be  found  of  value  as  an  actual  record  of 
the  cost  of  various  classes  of  concrete  work  as  carried  out 
during  the  year  1907  by  a  prominent  contracting  company 
for  one  of  the  large  Eastern  railway  systems  in  the  United 
States. 

Mr.  Edward  F.  Godfrey,  also  on  the  basis  of  wide  ob- 
servation,  gives   the   following  costs: 

Portland  cement  concrete,  in  large  mass,  easily  depos- 
ited, $4.00  to  $7.00  per  cubic  yard.  Walls  requiring  difficult 
forms,  $6.00  to  $8.00  per  cubic  yard.  Tunnels,  etc.,  $10.00 
to   $12.00   per  <;ubic   yard. 

Reinforced  concrete,  Including  steel,  usually  costs  from 
flO.OO  to  $20.00  per  cubic  yard.  Concrete  should  be  esti- 
mated at  $5.00  to  $10.00  per  cubic  yard  in  place;  steel,  about 
2.5  cents  per  pound  in  place  (plain  structural  steel) ;  forms 

TABLE   LXIX 

Concrete   Factories  vs.  those  of  Wood  or   Brick 

Affbozimatb  Yeablt  Cost  of  Insubancb  pes  $100 

'Bzpositrei,  none;  srea  not  large;  good  city  department;  no  private  lire' 
apiiaratui  except  encb  as  palltf  and  Etandplpes 
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Add  for  brick 
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J  5  c. 

»c. 
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,£0c. 
iBflc. 
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ssd 


NOTE — These  costs  are  based  on  the  absence  of  automatic  sprinklera 


a  other  private  fire  protective  appliances  of    the    usaal    completely 
lipped  bnllding.    Thej  are  not  schedule  rates,  but  may  be  an  approzi> 

_^tlon  to  actual  costs  under  favorable  conditions  based  on  ezammet  In 

^srloQs  parts  of  the  coontrj. 
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TABLE  LXX 
Costs   for   Various   Classes   of  Railway  Concrete  Work 
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6  to  10  cents  per  square  foot     The  unit-cost  of  concrete 
will  depend  upon  the  difficulty  of  handling  and  placing. 

Cement  finish,  mortar  %4n.  thick,  50  to  80  cents  per 
sq.  yd. 

As  a  comparison  with  the  costs  given  by  Mr.  Godfrey,  Mr. 
Trautwine  in  his  "Engineers*  Pocket-Book"  gives  the  fol- 
lowing prices  for  concrete  work: 

For  mass  work  such  as  breakwaters,  fortifications,  etc^ 
$5.00  to  $7.00  per  cu.  yd.  of  concrete  in  place.  May  run 
as  low  as  $4.00  or  as  high  as  $8.00. 

For  retaining  walls,  foundations,  etc.,  prices  vary  with 
difficulties  met  with  in  construction,  and  run  from  $4.00  to 
$16.00  per  cu.  yd.  of  concrete  in  place.  Many  instances  show 
the  price  to  be  between  $6.00  and  $9.00.  Reinforced  walls 
cost  from  $3.00  to  $10.00  more  than  plain  walls. 

For  building  work,  the  costs  for  plain  work  average  be- 
tween $6.00  and  $12.00  per  cu.  yd.  of  concrete  in  place,  while 
reinforced  work  costs  between  $10.00  and  $20.00  per  cu.  yd., 
and  is  sometimes  priced  even  as  high  as  $27.00  per  cu.  yd. 

Small  arches,  such  as  used  in  culvert  work,  under  30-ft 
span,  cost  from  $5.00  to  $10.00  per  cu.  yd. 
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COST  OP  CEMENT  AND  AGGREGATES 

The  factors  which  combine  to  form  the  cost  of  the  ma- 
terials of  which  concrete  is  composed  are:  Cost  of  cement; 
cost  of  sand;  cost  of  crushed  stone,  gravel,  slag,  or  cinders. 

Cement.  The  cost  of  cement  will  vary  with  the  locality 
In  which  it  is  to  be  used,  and  also  with  the  kind  of  cement 
used.  The  present  market  prices  (July,  1913),  for  Portland 
cement  are  as  follows: 

New  York — $1.58  per  bbl.  delivered  within  lighterage  lim- 
its, or  95  to  98  cents  per  bbL  iA  bulk  at  the  mill;  Boston — 
$1.72  per  bbl.;  Chicago — $1.20  per  bbl.,  some  large  orders  at 
$1.10*  The  charge  of  10  cents  each  for  sacks  (or  40c.  per 
bbL)  is  rebated  on  return  of  sacks  in  usable  condition. 

These  prices  vary  with  the  amount  boughi,  and  freight 
charges  will  also  depend  upon  this  same  quantity.  Cement  is 
packed  for  shipment  in  paper  bags,  cloth  sacks,  or  wooden 
barrels.  A  barrel  of  Portland  cement  contains  380  lbs.  of 
cement,  and  the  barrel  weighs  20  lbs.,  making  400  lbs.  in  alL 
The  content  of  a  tightly  packed  barrel  of  Portland  cement 
varies  from  3  to  3  8/10  cubic  feet 

A  barrel  of  so-called  "Western"  natural  cement  contains 
about  265  lbs.  of  cement,  and  the  barrel  itself  weighs  15 
lbs.;  but  a  barrel  of  Rosendale  or  other  "Eastern"  natural 
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cement  contains  300  lbs.  of  cement,  and  the  barrel  welgha 
about  20  lbs. 

Although  we  have  referred  above  to  the  weights  of  a 
barrel  of  the  two  cements,  Portland  and  natural,  the  common 
unit  of  measurement,  especially  for  "shipment,  is  the  bag. 
The  ordinary  barrel  of  Portland  cement  contains  4  bags, 
while  a  parrel  of  "Eastern"  natural  cement  contains  only 
3  bags.  "Western"  natural  runs  2  sacks  per  barrel.  In 
work  of  considerable  magnitude,  it  is  not  uncommon  to  boy 
cement  in  barrels,  or  even  in  bulk. 

The  charges  for  packing  vary  slightly  with  the  method 
in  which  the  product  is  placed. on  the  market  A  charge  of 
10  cents  is  common  for  each  sack,  which  is  rebated  if  the 
bags  are  returned  clean  and  4n  good  condition.  Cement 
in  barrels  is  about  10  cents  per  barrel  higher  than  bulk 
cement;  whire  that  in  paper  bags  costs  about  5  cents  pet- 
barrel  in  excess  of  the  charge  for  bulk  material. 

The  statement  as  to  the  number  of  cubic  feet  of  Portland 
cement  in  a  barrel  as  given  above,  refers  to  a  packed 
barrel.  When  the  cement  is  dumped  from  the  barrel  and 
loosened  up,  it  swells  considerably,  and  increases  about  ^ 
in  volume  as  compared  with  its  original  packed  condition. 
A  common  assumption  is  that  a  bag  of  Portland  cement 
contains  1  cu.  ft.  This  assumption  is  rather  crude,  but  will 
suffice  for  rough  work. 

The  costs  in  Table  LXXI  are  based  on  the  following  con- 
stants: 
Cement    (vol.   3.8   cu.   ft)    delivered   on  Job,   per   bbl., 

net  : 11.75 

Broken  stone  (21  cu.  ft  equals  1  ton),  per  ton 1.50 

Sand,  per  cu.  yd 1.20 

Gravel  (containing  stone  and  sand  in  right  proportions), 

per  cu.  yd 1.15 

Labor  (foreman,  common  and  miscellaneous),  .06  cu.  ft, 
or,  per  cu.  yd 1.62 

With  common  labor  at  17%  cents,  and  foreman  at  30 
cents,  per  hour,  6  men  will  unload  600  bags  of  cement  from 
a  car  in  3  hours,  where  the  cement  is  passed  directly  from 
car  to  storage  shed.  Since  this  amount  is  equal  to  150 
barrels,  the  unit  cost  per  barrel  is  about  2  cents. 

If  unloaded  by  wheelbarrows  and  wheeled  a  distance  of 
100  feet,  the  cost  will  probably  be  about  5  cents  per  barrel 

Weights  of  the  various  materials  used  in  concrete,  to- 
gether with  the  weights  of  various  concrete  mixtures,  will  be 
found  also  in  the  general  tables  of  weights  of  substances. 
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TABLE  LXXI 

Data   Regarding  Cost  of  Various   Mixtures  of  Concrete 

(Aberthaw  Construction  Company) 
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Sand  and  Gravel.  The  cost  of  sand  may  vary  from  50 
cents  a  cubic  yard  up  to  $2.00  or  over,  dependmg  upon  the' 
cost  of  labor,  amount  of  labor  necessary  to  produce  a  given 
amount  of  sand  free  from  rocks  or  pebbles,  the  distance  that 
the  sand  has  to  be  hauled  or  shipped,  the  number  of  times 
that  it  has  to  be  handled  before  reaching  its  destination, 
and  the  cost  of  preparing  for  proper  use  in  concrete. 

A  common  price  for  sand,  in  cities,  is  about  $1.00  per  cubic 
yard,  delivered;  but  this  is  only  fairly  approximate.  If 
sand  is  to  be  bought  by  the  load,  a  careful  stipulation  should 
be  made  as  to  the  exact  size  of  the  load  as  measured  in 
cubic  feet  A  l-horse  load  of  sand  generally  contains  about 
22  cu.  ft.,  while  2-hor8e  loads  vary  from  1^  to  2  cil  yds. 
It  Is  commonly  considered  that  1%  cu.  yds.  is  a  fair  load, 
1%  cu.  yds.  a  good  load,  and  2  cu.  yds.  a  large  load.  The 
weight  of  a  cubic  yard  of  dry  sand  is  generally  taken  to  be 
2,700  pounds. 

Some  of  the  component  parts  which  go  to  make  up  the 
total  cost  of  a  cubic  yard  of  sand  on  the  Job  are  indicated  as 
follows: 

Cost  of  building  sand  in  bank  is  about  20  to  25  cents  a 
CO.  yd.  This  same  sand  on  board  a  car  would  cost  from 
40  to  50  cents  a  cu.  yd.  The  freight  charges  for  hauling  this 
sand  50  miles  are  about  75  cents  a  cu.  yd.  The  cost  of 
hauling  from  the  cars  in  teams  is  about  25  to  50  cents  a 
CO.  yd.  Therefore  it  may  be  seen  that  there  is  no  standard 
price  for  sand,  since  the  cost  of  same  will  vary  with  any  of 
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the  above  named  quantities  and  according  to  the  number  of 
them  which  must  be  considered  before  the  sand  is  at  the 
place  where  it  is  to  be  used. 

The  same  conditions  may  be  applied  to  gravel  with  a 
slight  change  in  the  figures.  Gravel  in  bank  is  worth  from 
15  to  20  cents  i^er  cu.  yd.,  while  on  cars  this  price  is  raised 
to  35  or  40  cents.  The  freight  for  a  50-mile  run  is  the  same 
as  that  for  sand,  75  cents  per  cu.  yd.  The  cost  of  hauling 
by  teams  from  the  cars  is  from  25  to  50  cents  per  cu.  yd. 
The  usual  price  of  gravel  delivered  when  suppls^  is  near  by. 
is  about  $1.00  per  cu.  yd. 

If  it  is  desired  to  estimate  the  cost  of  sand  from  a  bank 
in  a  locality  near  the  structure,  same  may  be  done  by  fol- 
lowing this  plan: 

Add  together  the  cost  of  the  sand  per  cu.  yd.  in  the  bank, 
the  cost  of  loading  into  wagons  per  cu.  yd.,  the  cost  of 
hauling  per  cu.  yd.,  and  the  cost  of  washing. 

It  is  estimated  that  a  good  workman  will  load  20  cu.  yds. 
of  sand  into  wagons  per  10-hour  day,  while  a  slower  man 
may  only  average  15  cu.  yds.  per  day.  Better  figure  on  a 
15-cu.  yd.  basis.  Divide  the  amount  paid  for  labor  by  the 
number  of  cu.  yds.  loaded,  and  the  result  is  one  factor  of 
the  total  cost — ^the  cost  of  loading  per  cu.  yd. 

The  cost  of  team  hauling  is  about  26  cents  per  mile  of 
haul.  If  1  cu.  yd.  makes  a  load,  add  26  cents  per  cu.  yd. 
for  each  mile  of  haul;  or,  figure  at  a  rate  of  ^  cent  for 
each  100  feet  of  haul. 

Allow  for  lost  time  of  team  while  loading  and  dumping. 
This  will  ordinarily  amount  to  about  5  cents  per  cu.  yd.  The 
above  costs  are  based  upon  team  hire  at  35  cents  per  hour, 
and  a  rate  of  travel  of  2^  miles  per  hour.  Since  the  sand 
Is  only  hauled  one  way,  the  expense  of  the  total  trip  must 
be  charged  to  the  cost  of  the  sand. 

^^ere  sand  and  gravel  may  be  unloaded  directly  from 
the  car  to  the  storage  pile,  the  cost  of  shoveling  will  vary 
from  6  to  10  cents  per  cu.  yd.,  with  an  average  price  of  8 
cents.  This  Is  based  on  common  labor  at  17^  cents,  and 
foreman  at  30  cents,  per  hour. 

The  cost  of  sand  in  Chicago  (July,  1913),  is  fl.lB  per  oil 
yd.  in  carload  lots,  f.  o.  b.  Chicago. 

If  sand  has  to  be  washed  befor^  it  can  be  used,  the  cost 
of  washing  may  be  figured  as  follows:  For  sand  washed  by 
the  use  of  a  single-inclined  platform  fitted  with  cleats  to  act 
as  stops  for  the  sand,  figure  a  cost  of  from  15  to  80  cents 
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per  CO.  yd.,  depending  upon  the  cost  ot  water  used  in  wash« 
ing. 

If  a  pair  of  boxes  or  platforms  are  used  so  that  one  can 
be  washed  while  the  other  Is  emptied,  one  man  can  wash 
about  30  cu.  yds.  of  sand  In  a  10-hour  day.  The  cost  per 
cu.  yd.  for  labor  In  washing  will  be  this  man's  wages,  divided 
by  the  number  of  yards  washed.  To  this  price  must  be 
added  the  cost  of  shoveling  the  washed  sand  from  the  plat- 
form or  tank  which  la  not  being  used.  This  cost  will  be 
about  10  cents  per  cu.  yd.,  depending  on  the  rate  of  day 
wages  paid.  Any  extra  handling  or  shoveling  of  the  mate- 
rial should  be  considered,  since  many  times  these  little 
points  make  a  great  difference  In  the  cost  of  a  material. 

Broken  Stone.  The  cost  of  broken  stone  Is  a  varying 
quantity,  depending  upon  the  locality  In  which  the  stone  Is 
to  be  used.  If  the  stone  Is  to  be  purchased  from  the  nearest 
dealer  or  from  the  nearest  crusher,  determine  the  cost  of 
the  material  per  cu.  yd.  at  the  plant  or  at  the  dealer's,  and 
add  costs  of  transportation  and  hauling.  If  stone  requires 
handling  other  than  that  required  to  load  onto  cars  or 
wagons,  and  then  hauling  from  cars  to  place  where  stone  is 
to  be  used,  add  an  allowance  for  each  handling. 

If  the  contractor  undertakes  to  furnish  his  own  stone  from 
a  local  quarry,  he  must  figure  the  cost  of  quarrying,  crush- 
ing, and  hauling.  Since  these  costs  vary  so  greatly  with 
the  quality  of  stone  handled,  no  set  price  can  be  given. 

Examples  are  stated  where  limestone  has  been  quarried 
and  crushed  as  low  as  53  cents  per  cu.  yd.  of  2-ln.  size  stone, 
while  other  cases  using  the  same  kind  of  rock  will  show 
higher  costs.  It  is  often  stated  that  a  fair  price  for  quarry- 
ing and  crushing  limestone  is  about  75  cents  per  cu.  yd., 
exclusive  of  quarry  rent  and  the  costs  for  labor  necessary 
to  remove  the  earth  from  the  rock  so  as  to  get  at  the  latter. 
To  this  price  must  be  added  the  cost  of  handling  and 
hauling. 

Another  Instance,  where  quartzite  was  quarried  and 
crushed  for  concrete  work,  showed  a  cost  of  $1.00  per  cu.  yd. 
at  the  crusher.  An  extra  charge  of  50  cents  per  cu.  yd.  was 
made  for  hauling  the  crushed  rock  2^   miles. 

Instances  are  given  where  trap  rock  has  been  crushed 
In  large  quantities  for  as  low  a  price  as  50  cents  per  cu.  yd., 
Including  the  quarry  cost;  but  this  is  too  low  to  figure  for 
ordinary  work,  and  |2.00  a  cu.  yd.  is  not  an  extraordinary 
price  for  crushed  trap  rock. 

If  stone  is  to  be  broken  by  hand,  an  ordinary  laborer  will 
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TABLE  LXXII 
Voids  In    Pebbles  and    Broken   Stone 
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TABLE  LXXMI 
Percentage  of  Voids  in  Coarse  Aggregates 
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break  about  2  cu.  yds.  of  limestone  into  2-in.  sizes  in  a  day 
of  10  hours. 

The  above  prices  for  crushed  rock  do  not  consider  the 
interest  and  depreciation  of  plant,  nor  the  cost  of  moving 
same  if  necessary.  A  fair  price  for  a  9  by  IS-in.  crusher 
plant  with  rotary  screen,  portable  bins,  15-h.  p.  engine,  and 
20-h.  p.  boiler,  is  in  the  neighborhood  of  |2,200. 

A  quarry  plant  consisting  of  2  steam  drills,  a  15-h.  m 
steam  boiler,  necessary  piping,  and  tools,  will  cost  aboat 
$1,200. 

The  labor  cost  of  setting  up  and   dismantling  sach  % 
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crasher  plant  as  just  described,  together  with  hauling  the 
plant  for  two  or  three  miles,  is  about  $75. 

The  amount  of  crushed  stone  which  can « be  loaded  Into 
a  wagon  per  day  depends  upon  the  size  of  the  stone  and 
upon  the  material  upon  which  it  rests.  In  shoveling  from 
an  elevated  pile  where  the  shovel  has  to  cut  its  way  among 
the  stones,  a  man  can  handle  about  14  cu.  yds.  of  loose  2-in. 
stone  in  a  10-hour  day.  If  this  same  size  of  stone  is  shov- 
eled from  the  ground  where  it  rests  upon  the  earth,  about  12 
cu.  yds.  per  10-hour  day  may  be  shoveled.  If  this  stone  is 
dumped  upon  a  wood  platform  or  platform  faced  with  sheet 
metal,  this  rate  will  be  considerably  inoreased.  Small  stone 
mider  %-in.  size  may  be  handled  easily  without  a  platform. 

About  1  cu.  yd.  of  crushed  stone  is  a  fair  load  for  a 
team. 

The  cost  of  broken  stone  in  Chicago  (July,  1913),  is  $1.15 
per  cu.  yd.,  f.  o.  b.  Chicago.  In  New  York,  at  the  same  time, 
it  cost  90c.  to  $1.00  per  cu.  yd.  for  full  cargo  lots  of  500 
cu.  yds.,  delivered  at  the  docks. 

Voids  in  Coarse  Aggregates.  Table  LXXII,  compiled  by  M. 
Feret.  shows  the  percentage  of  voids  to  be  found  in  roimd 
pebbles  and  broken  stone  of  different  sizes,  and  also  in  mix- 
tures of  different  sizes  of  each  of  these  aggregates. 

Table  LXXIII  shows  the  percentage  of  voids  in  coarse  ag- 
gregates as  determined  by  weight  per  cubic  foot. 

Weight  of  Crushed  Stone.  One  cu.  ft.  of  loose  measured 
broken  trap  stone  weighs  about  90  pounds.  A  cu.  ft.  of 
broken  stone,  well  shaken  down,  weighs  about  100  pounds. 

TABLE  LXXiV 

Compression  Strength  of  Portland  Cement  Concrete 
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These  values  should  be  used  with  a  factor  of  safety  in 
oonstructlon. 
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A  cubic   foot  of  crusher-run  stone   also  weighs  about  100 
pounds. 

COST  OF  GRAVEL  CONCRETE 
The  comparison  given  on  page  313,  of  costs  of  gravel  and 
crushed  stone  concrete  was  made  in  a  paper  read  by  Mr. 
Arthur  B.  Henson  before  the  Architects'  Business  Association 
of  Chicago,  111.  The  materials  were  washed  gravel  and 
crushed  limestone  in  combination  with  torpedo  sand.  The 
greater  bulk  of  gravel  concrete  is  due  to  the  fact  that  gravel, 
on  account  of  its  rounded  particles,  averages  7%  per  cent 
less  voids  than  crushed  stone. 

COST  OF  MANUFACTURE  OF  CONCRETE 

As  the  prices  of  labor  and  materials  not  only  vary  con* 
siderably  in  different  localities,  but  are  constantly  shifting 
in  the  same  locality,  the  reader  will  understand  that  it  is 
impossible  to  give  any  quotations  of  prices  that  will  be 
reliable  as  of  permanent  or  universal  application.  Any  quota* 
tions  given  must  be  taken  merely  as  proportionate,  to  be 
used  in  comparison  with  known  quantities  and  methods. 

Mr.  Edward  Godfrey  in  his  volume  on  Concrete  says: 
"Cost  estimates  must  be  based  on  unlt-valuea.  The  accuracy 
of  the  estimate  will  often  depend  upon  the  particular  unit 
at  which  the  estimate  starts.  The  cost  per  unit  will  depend 
upon  the  particular  plant  or  equipment  employed  and  its  fit- 
ness to  handle  the  work  most  economically. 

"The  plant  or  equipment  needed  to  do  a  piece  of  work 
should  be  selected  with  a  view  to  the  size  of  the  work  and 
the  time  in  which  it  is  to  be  finished.  Large  equipment 
cannot,  in  general,  be  used  economfcally  on  a  small  job, 
and  small  equipment  cannot  be  used  economically  on  a  large 
job.  The  size,  for  example,  of  a  concrete  plant,  should  be 
such  that  its  normal  daily  capacity  is  about  equal  to  the 
amount  of  concrete  that  it  is  desired  to  turn  out  per  day. 
For  maximum  economy,  a  plant  should  be  employed  con- 
tinuously. If  stops  must  be  made  to  wait  for  forms  to  be 
put  in  readiness,  or  for  other  causes,  the  concrete  will  cost 
more  than  if  the  work  of  the  concrete  mixing  can  be  car- 
ried on  continuously. 

"For  small  concrete  jobs,  such  as  pavement  work,  hand 
mixing  is  more  economical.  Small  batches  may  be  mixed 
with  a  hoe  or  shovels  in  a  box.  Half-yard  batches  should 
be  mixed  on  a  platform  by  at  least  two  men  with  shovels. 
The  platform  may  be  made  of  a  steel  plate  or  of  boards 
placed  with  close  joints  on  a  frame. 
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"A  typical  gang,  mixing  and  laying  one-half  cubic  jard 
batches,  is  the  following:  1  foreman,  2  men  delivering  sand 
and  stone,  1  man  delivering  cement,  2  men  mixing,  2  men 
delivering  concrete,  1  man  tamping.  At  |3.00  per  day  for  the 
foreman,  and  $1.50  per  day  for  each  of  the  other  men,  the 
cost  per  day  of  the  gang  is  $15.00.  The  gang  should  turn 
out  about  20  to  25  cubic  yards  per  day.  This  is  a  cost 
of  75  to  60  cents  per  cubic  yard  for  labor. 

"A  typical  gang  for  mixing  and  laying  by  hand  cubic 
yard  batches,  is  as  follows:  1  foreman,  3  men  delivering 
sand  and  stone,  1  man  delivering  cement,  4  men  mixing,  3 
men  delivering  concrete,  2  men  tamping.  The  cost  of  this 
gang  at  the  same  wages  as  above  is  $22.50  per  day.  They 
should  turn  out  about  40  cubic  yards  per  day,  making  the 
cost  of  labor  56  cents  per  cubic  yard. 

''The  above  examples  give  about  average  conditions,  and 
show  the  cost  of  labor  on  hand-mixed  concrete  in  heavy  work 
where  mixing  and  laying  can  go  on  continuously.  If  labor 
is  cheap  (and  efficient),  the  unit-cost  may  be  less,  and  vice 
versa.  If  materials  can  be  deposited  for  easy  handling,  as 
when  they  are  laid  close  to  the  mixing  board  and  need  only 
to  be  measured,  the  unit-cost  will  be  reduced  accordingly; 
whereas  long  hauls  or  high  lifts,  either  before  or  after  mix- 
ing, will  add  to  the  cost  very  materially.  If  the  gang  cannot 
be  continuously  employed,  costs  may  be  two  or  three  times 
as  much  as  the  above.  Concrete  deposited  in  narrow  forms 
will  also  cost  more  per  cubic  yard  than  in  massive  work. 

"With  mechanical  mixers,  the  cost  of  mixing  concrete 
win  be  less  than  by  hand-mixing,  though  the  extra  cost  of 
skilled  workers  to  run  the  engine  and  mixer  helps  to  bal- 
ance the  costs.  Batch  mixers  should  turn  out  about  20 
batches  per  hour." 

On  small  Jobs — even  those  requiring  as  much  as  several 
hundred  cubic  yards  of  concrete — it  is  ordinarily  much 
cheaper  and  more  expedient  to  mix  by  hand.  This  is,  of 
course,  especially  true  where  only  a  small  crew — say  two  to 
four  men — are  available  for  the  mixing,  and  where  the 
work  is  often  interrupted  or  frequent  moving  is  necessary. 

On  large  Jobs  it  is  more  economical  to  mix  by  machinery, 
and  this  is  the  method  generally  adopted.  The  economy  of 
machine  mixing, « on  large  jobs,  depends  to  some  extent  on 
the  use  of  labor-saving  appliances  in  handling  the  raw  mate- 
rials and  the  finished  mixture.  Wheelbarrow  work  in  deliv- 
ering materials  to  the  mixer  and  carrying  away  the  concrete 
to  where  it  is  deposited,  will  make  the  cost  relatively  high  in 
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Proportions   of   Aggregates   Giving    l\MaxImum    Density   with 
Varying  i\Mixtures  of  Cement  and  Sand 
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any  case,  which  will  be  greatly  reduced  if  the  mixer  can 
be  fed  by  gravity  from  bins,  and  the  concrete  dumped  into 
hauling  cars.  On  small  jobs,  however,  the  savlnf;  in  hand 
labor  is  usually  more  than  offset  by  the  cost  of  the  mixing 
plant  and  Its  maintenance  and  operation.  The  relative  cost 
of  the  two  methods  usually  depends  on  local  circumstances, 
and  these  must  be  taken  into  consideration  in  each  partic« 
iilar  case. 
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Proportions    of    Aggregates   for    Maximum    Density 

Table  LXXV,  complied  by  Albert  Meyer,  shows  the  proper- 
tlons  of  aggregates  which  will  give  maximum  density  with  a 
minimum  of  cement.  The  voids  in  the  stone,  and  the  econ- 
omic proportions  of  cement  to  sand  which  will  give  the 
density  and  plasticity  of  mortar  required  on  the  particular 
concrete  job,  should  first  be  determined;  and  the  table  may 
then  be  applied  to  show  the  amount  of  coarse  aggregate  to 
be  used. 

For  example,  suppose  that  a  mortar  mixture  of  1  part 
cement  to  2^  parts  sand  is  decided  upon,  and  that  the  avail- 
able coarse  aggregate  contains  33  per  cent  of  voids.  Then, 
looking  at  the  table,  starting  at  33  in  the  void  colunm  at 
the  left,  and  passing  over  to  the  right  until  we  come  to 
the  proportion  column  headed  1:2^,  we  find  7^,  which  is 
the  number  of  parts  t)f  stone  to  be  added  to  the  1:2^  mortar 
mixture. 

Richness  of  (Mixture.  When  classified  according  to  rela- 
tive richness  in  cement,  concrete  mixtures  are  distinguished 
under  four  different  headings — ^namely,  Rich,  Medium,  Ordi- 
nary, and  Lean. 

Rich  Mixture. — A  1:2:4  concrete — ^that  is,  a  mixture  con- 
taining ingredients  in  the  proportion  of  1  barrel  (4  bags) 
of  packed  Portland  cement  just  as  it  comes  from  the  manu- 
facturer, to  2  barrels  (7.6  cubic  feet)  of  loose  sand,  to  4 
barrels  (15.2  cubic  feet)  of  loose  gravel  or  broken  stone — 
would  be  called  a  rich  mixture. 

Medium  Mixture.  A  1:2.5:5  concrete— that  is,  in  the  pro- 
portions of  1  barrel  (4  bags)  Portland  cement,  to  2.5  bar^ 
rels  (9.5  cubic  feet)  loose  sand,  to  5  barrels  (19  cubic  feet) 
loose  gravel  or  broken  stone — ^would  be  called  a  medium 
mixture. 

Ordinary  Mixture.  A  1:3:6  concrete— that  is,  in  the  pro- 
portions of  1  barrel  (4  bags)  Portland  cement,  to  3  barrels 
(11.4  cubic  feet)  loose  sand,  to  6  barrels  (22.8  cubic  feet) 
loose  gravel  or  broken  stone — would  be  called  an  ordinary 
mixture. 

Lean  Mixture.  A  1:4:8  concrete — that  is,  in  the  propor* 
tions  of  1  barrel  (4  bags)  Portland  cement,  to  4  barrels  (15.2 
cubic  feet)  loose  sand,  to  8  barrels  (30.4  cubic  feet)  loose 
gravel  or  broken  stone — would  be  called  a  iean  mixture. 

Quantities  for  Batch  Mixing.  Tables  LXXVIII  and  LXXIX, 
compiled  by  Percy  H.  Wilson  and  Clifford  W.  Gaylord,  show 
the  quantities  for  a  2-bag  batch.  A  3-bag  batch  wilt  require  half 
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TABLE  LXXVI 
Approximate  Mixtures  Adaptable  to  Various  Classes  of  Work 
Rich,  1:2:4;  Medium,  1:2.5:5;  Ordinary,  1:3:6;  Lean,  1:4:8 
(A.  S.  Johnson) 


KlXD  OF  WOEK MlXTOES 

Abutments Rich  to  Ordtaarj 

Arches Klch  to  Medium 

Backins  for  MaMury Lean 

Beams,  Reinforced Rich  to  Medium 

"     i'laln Rich  to  Medium 

Cisterns    Rt^h  to'Mcdlum 

Columns,  Reinforced Rtch 

Conduits.  Water   Rich       ^^  ^^    -^ 

Coplns i . . .  Rich  to  Medium 

Culverts,  Reinforced Medium  to  Ordinary 

**     Plain Medium  to  Ordinary 

Driveways    Same  as  Sidewalks 

Fence  Poetr. Rich 

Floors.  Reinforced Rich  to  Ordinary 

**    Ordinary  Ground Medium  to  Ordinary 

FootlBst   Ordinary  to  Lean 

Foundations,  Heavy  Vibrating  _ 
.  .      Machinery Rich  . 

.**    Ordinary  Machinery Medium 

•*    Thin  WaUs Rich  to  Medium 

"    Thick  Walls..: Medium  to  Lean 

Girders,  Reinforced Rich  to  Medium 

**     Plain.  • Same  as  Beams 

Gutters Same  as  Sidewalks 

PaTements Same  as  Sidewalks 

Piers    : Rich  to  Ordinary 

Reservoirs Rich  to  Medium 

Roof  Slabs  -.  Medium  to  Ordinary 

Sewers,  Reinforced  Rich  to  Medium 

"     Plata :.  Medium 

Sidewalks  (Base) Medium  to  Ordinary 

*'    < Sub-Base)...'. Ordinary  to  Lean     . 

Stios    .•••. Rich  to  Medium 

Tanks    - Rich  to  Medium 

Walls,  Dwellinf  Houses Rich  to  Medium 

'    **  •  Large  Buildings Rich  to  Medium  , 

>    CCompressloo    and    Ten- 
sion) 

"    Large  Buildings Medium  to  Ordinary 

( Compression  Duly ) 
,  **    MasslTO  • ; Medium  to  Ordinary 

**    Retaining  ...»', Medium  to  Ordinary 

«    Ihin  Foundations......  Rich  to  Medium 

.    **    Tunnel  Medium  to  Ordinary 


CONSISTVNCr 
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Medium 

Medium  to  Dry 
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Very  Wet  to  Medium 
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Very  Wet  to  Medium 
Medium 

Very  Wet  to  Medium 
.Medium  to  Dry 
Very  Wet 
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as  much  more  of  each  Ingredient;  a  4-bag  batch.  Just  double 
the  amount;  and  so  on.  If  the  aggregates  used  are  sand 
and  crushed  stone  or  gravel,  use  Table  LXXVIII;  If  natural- 
bank  sand  and  gravel  already  mixed,  use  Table  LXXIX. 

From  these  tables  the  quantities  required  for  batches  of 
any  size  can  easily  be  calculated  In  the  manner  above  de- 
scribed. They  will  simply  be  Increased  or  diminished  in  pro- 
portion with  the  cement 

If  the  number  of  cubic  yards  of  concrete  is  known,  and 
the  bement  is  in  barrels  instead  of  bags.  Table  LXXX  will  be 
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found  useful,  as  it  shows  the  quantities  of  cement  and  aggre- 
gates in  one  cubic  foot  of  concrete  of  varying  mixtures. 

For  example,  suppose  the  work  consists  of  a  concrete  silo 
requiring  in  all  935  cu.  ft  of  concrete,  of  which  750  cu.  ft 
la  to  be  1:2:4  concrete,  and  185  cu.  ft  is  to  be  1:3:6  concrete* 

TABLE  LXXVIII 

Quantities  of  Materials,  and  Resulting  Amount  of  Concrete. 

for  a  Two-Bag  Batch 

Aggregates — Sand  and  Broken  Stone  or  Screened  Gravel 
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TABLE  LXXIX 

Quantities  of  Materials,  and  Resulting  Amount  of  ConcretOr 

for  a  Two-Bag  Batch 

Aggregate — ^A  Natural  Mixture  of  Sand  and  Gravel 
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TABLE  LXXX 
Ingredients  In  One  Cubic  Foot  of  Concrete 


QUANTITIES  OF  MATERIALS 

MIXTUBB 

Cement                          Sand 

Stona  or  Gravel 

1:3:4 
1:8:0 

.068  bbl.                   .0163  on.  yd. 
.041  bbl.                   .0174  ou.  yd. 

»       .0326  ou.  yd. 
.0348  ou.  yd. 
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Also  enough  sand  and  cement  is  needed  to  paint  the  silo 
inside  and  outside,  In  all  400  sq.  yds.  of  surface,  with  a  1:1 
mixture  of  sand  and  cement  One  cu.  ft  of  1:1  mortar  will 
paint  about  15  sq.  yds.  of  surface,  and  requires  0.1856  barrel 
of  cement  and  0.0263  cu.  yd.  of  sand.    Then  we  have: 

tSO  CO.  ft  of  1.-3:4  concrete  Is  750X.058  -43.5  WOi. 
186  CO.  ft  oCl  :8 :6  concrete  Is  185X.041  —  7.6    '* 

Fainting  is  4^xa856— 4.9    ** 

Total  ceitfent  66.Q  bbls. 

750  cu.  ft  of  1:2:4  concrete  Is  750X.0163-12.25  co.  jdi. 
185  CO.  ft  of  1:8:6  concrete  is  185X.0174- 3.25    **      ** 

Painting;  Is  lggx.0263-»    .75    **      " 

Tbtal  sand  •...••...•.•••••• l«-25  cu.  yds. 

fiCene  or  Gravel—^ 

750  cu.  ft  of  1:2:4  concrete  Is  750X.0S26-24.5  cu.  yds. 
185  CO.  ft  of  1 :8 :6  concrete  Is  185X.0348».  6.5    "      " 

Total  «ton«  or  gra?ei 31.0  cu.  yds. 

Thus  the  necessary  quantities  of  materials  are:  56  bbls. 
of  Portland  cement;  16%  cu.  yds.  of  sand;  31  cu.  yds.  of 
stone  or  graveL 

It  Is  always  wise  to  order  two  or  three  extra  barrels  of 
cement.  If  the  dealer  is  at  considerable  distance,  as  this 
avoids  any  possible  trouble  that  a  shortage  might  cause. 

Measuring  According  to  Voids.  As  an  approximate  guide 
to  the  use  of  Table  LXXVU  and  other  tables,  where  a  deter- 
mination of  voids  has  been  made»  it  may  be  pointed  out  that 
45  per  cent  voids  In  the  coarse  aggregate  would  Indicate  the 
average  conditions,  and  would  be  about  what  is  found  in 
broken  stone  with  dust  screened  out;  40  per  cent  voids 
would  correspond  to  gravel  or  mixed  stone  and  gravel;  50 
per  cent  voids  would  indicate  poor  grading,  as  in  an  aggre- 
gate screened  to  uniform  size;  while  30  per  cent  voids  and 
under  would  indicate  an  aggregate  graded  with  great  care. 

Where  voids  have  been  determined  in  both  sand  and 
coarse  aggregate,  the  upper  part  of  Table  LXXXII,  which 
may  be  taken  as  representing  average  conditions,  will  be 
found  useful. 

Where  the  voids  are  the  same  as  in  the  upper  part  of 
Table  LXXXII,  but  the  cement  Is  measured  loose  in  a  box 
after  dumping  from  a  barrel,  the  quantities  should  be  deter- 
mined from  the  lower  part  of  the  table,  as  under  such  condi- 
tions a  barrel  of  cement  yields  4.4  cu.  ft  of  loose  cement: 
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TABLE  LXXXI 

Amount  of  Material   Required  for  One  Cubic  Yard  Rammed 

Concrete  of  Varying   Mixture 
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1.06   0.S6   0.80 

0.02 

0.48  0.78 

oil   oi 

S:S  S:S  S:S 

0.07   0.51  0.80 

1.00   0.58   0.92 

0.40  0.80 

0  06  0  40  0  02 

0.00   0.51   0.96 

oioo 

0.44  0.82 

8.5     7.0 

0.87   0.47   0.08 

S:S  ti&  S:S 

0.01   0.40   0.86 

oioo 

0.43  0.86 

>  Hli 

0.84   0.46  0.06 

0.86   0.47   1.01 

0.76 

0.41   0.87 

0.80  0.48  0.87 

0.82   O.tt  1.01 

0.81  0.45  1.04 

0.73 

0.80  0.80 

1  n\i 

0.00  0.56  0.82 

0.02  0.66   0.84 

0.96   0.58  0.87 

0.88 

0.51  O.n 

1:8  it  II 

0.88   0.58   0.87 

0.01   0.56   0.00 

0.80 

0.40  0.70 

4.0    7.0 

0.84  0.51  0.00 

0.87  0.58  0.08 

0.77 

0.47  0.81 

i  M  M 

0.81   0.50  0.08 

0.84   0.51   0.00 

0.78 

0.44  0.88 
0.«  0.86 

0.77  0.47   0.08 

0.78   0.48  0.05 

0.81   0.40  0.08 

O.n 

11  S:8  S:S 

0.;6  0.40   0.00 

0.78  0.47   1.01 

S:S 

0.48  0.88 
0.40  0.80 

0.78  0.44   1.01 

0.75   0.45   1.04 

!  lUi 

0.66  0.50  0.00 

0.67  0.52   0.08 

0.70  0.58  0.00 

0.61 

0.46  0.88 

0.68  0.47  0.86 

0.08  0.48  0.00 

0.66  0.50  1.00 

0.57 

0.tt  0.87 
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TABLE    LXXXII 

Ingredients  In  One  Cubic  Yard  of  Concrete 

(H.  P.  Gillette) 

Sand  voids  40  per  cent    Stone  voids  45  per  cent    Barrel  of 

Portland  cement  containing  3.65  oil  ft  of  paste.     Barrel 

specified  3.8  cu.  ft 


PsopORTioira  bt  Tqujmb 

U:i 

1:2:5 

1:2:8 

1:8J1 

1:2.5:6 

U:i 

Bbls.oemeBt  per  en.  j^conmte 

ajStasi"  —     "   ::::::: 

1.46 

S:i! 

1.80 

1.18 

!:8 

1.18 

0.84 

1.25 

8:8 

Pboportioiis  bt  Voluks 

U;S 

l:l.*e 

1:6:7 

L-4:7 

1:4J 

U30 

Bbli.oemratparcu.^d.ooiicsnte 

oSijdS: stone iv.:::: 

11 

1.05 
0.44 
0.88 

0.08 

0.81 

S:8 

o.n 

0.76 
0.41 

o.n 

PlOFOSnOVS  BT  VOLUMB 

1:2:4 

1:2:5 

1:2« 

1:2.5:5 

1:8J:6 

1:8:4 

r^H"?'?'!'"^:-.!;;;: 

1.80 
0.42 
0.M 

1.16 
0.88 
0.05 

1.00 
0.8S 
1.00 

1.07 

0.85 

11 

IteFOBTIOin  BT  TOLUBB 

l:t:S 

\M 

1J:7 

hitt 

»i 

L4JI 

11 

0.80 

S:8 

0.08 

::2 

0.80 

II 

0.06 

From  the  above  table  it  will  be  seen  that  the  following 
rule  can  be  deduced:  Add  together  the  number  of  parts,  and 
divide  this  sum  into  10;  the  quotient  will  be  approximately 
the  number  of  barrels  per  cubic  yard.  Thus,  for  1:2:^  con- 
crete, the  sum  of  the  parts  is  8,  and  10^8=:1.25  barrels  of 
cement  per  yard,  which  is  approximately  equal  to  1.30,  the 
amount  called   for  by  the  table. 

Hand   Mixing   and   Placing 

If  it  is  desired  to  analyze  the  cost  of  manufacture  and 
placing  of  concrete,  the  following  approximate  prices  for 
different  divisions  of  the  process  will  be  of  service: 

With  men  working  under  a  good  foreman,  the  loading  of 
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sand»  ttone,  and  cement  Into  wheelbarrows  will  cost  about  18 
cents  per  cu.  .yd.  of  concrete.  Wheeling  materials  will  cost 
about  6  cents  per  cu.  yd.  of  concrete  when  the  supply  piles 
are  not  over  50  feet  from  the  mixing  board.  The  actual 
mixing  of  the  concrete  will  cost  about  5.  cents  per  cu.  yd. 
for  each  turn  given  to  the  mixture.  The  loading  of  the  con- 
crete into  wheelbarrows  ready  to  wheel  to  the  place  where  it 
Is  to  be  used  will  cost  about  15  cents  per  cu.  yd.  Wheeling 
the  concrete  will  cost  the  same  as  wheeling  the  materials 
given  above.  Dumping  the  concrete  costs  about  Q  cents  per 
cu.  yd.,  while  20  cents  per  cubic  yard  is  a  fair  price  for 
a  concrete  which  is  moderately  wet  If  the  concrete  is  to  be 
lifted  or  hoisted  above  the  level  at  which  it  could  be  easily 
wheeled  in  barrows,  an  extra  charge  should  be  allowed. 

The  above  prices  are  figured  on  the  basis  of  $1.50  per 
10-hour  day  for  laborers.  To  the  above  costs  must  be 
added  a -proportionate  part  of  the  wages  of  the  foreman,  if 
one  is  hired  extra.  If  the  foreman  is  paid  $3.00  per  day 
and  30  cu.  yds.  of  concrete  are  mixed  and  placed  in  a 
particular  piece  of  work,  the  charge  to  be  added  per  cu.  yd. 
is  10  cents. 

Although  an  example  has  been  cited,  showing  where  13 
laborers  imder  a  foreman  mixed  and  deposited  40  cu.  yds.  of 
concrete  per  day  at  a  cost  of  56  cents  per  cu.  yd.,  other 
Instances  taken  from  similar  conditions  and  at  the  same  scale 
of  wages  could  be  mentioned  where  16  men  under  a  fore- 
man mixed  and  deposited  only  27  cu.  yds.  of  concrete  per 
day  at  a  cost  of  $1.00  per  cu.  yd. 

In  each  of  the  above  instances  the  costs  are  for  labor 
only,  and  do  not  consider  materials.  With  inexperienced  men 
or  under  difficult  circumstances,  these  costs  may  be  nearly 
doubled. 

Therefore  the  uncertainty  of  using  published  data  when 
figuring  on  work  is  made  clear.  It  is  far  better  to  divide 
the  manufacture  and  placing  of  the  concrete  into  its  com- 
ponent parts,  and  apply  to  each  operation  a  fair  estimate 
for  your  locality,  knowing  the  capabilities  of  your  men  and 
the  manner  in  which  they  work. 

We  suggest  the  following  divisions  for  a  fairly  close  esti- 
mate, where  the  mixing  and  placing  are  to  be  done  by  hand: 

(a)  Loading  from   stock   piles. 

(b)  Wheeling  cement,  sand,  and  stone  to  mixing  boards. 

(c)  Cost  of  labor  for  mixing. 

<d)    Loading  mixed  concrete  into  wheelbarrows. 


324    RADFORD'S  ESTIMATING  AND  CONTRACTING 

(e)  Wheeling  to  place  to  be  used. 

(f)  Dumping  into  place. 

(g)  Spreading  and  ramming  concrete, 
(h)  Cost  of  superintendence. 

As  a  check  on  your  own  detailed  estimate,  the  approxi- 
mate figures  given  above  may  be  used  for  the  sake  of  com- 
parison. 

If  the  concrete  has  to  be  wheeled  not  over  50  feet,  four 
experienced  men  should  be  able,  on  an  average,  to  mix  by 
hand  and  wheel  to  the  place  of  deposit  about  10  four-bag 
batches  of  1:3:6  concrete  in  10  hours.  And  since,  from  Table 
LXXVIII,  one  4-bag  batch  will  make  24  cu.  ft.  of  concrete, 
the  four  men  should  mix  and  wheel  in  this  period  of  time 
about  240  cu.  ft.  of  concrete,  or  240-5-27=8.8  cu.  yds.  This 
estimate,  however,  is  for  the  very  simplest  kind  of  concret- 
ing, and  makes  no  allowance  for  the  labor  of  supplying  ma- 
terials to  the  mixing  platform  or  for  building  forms. 

Machine   Mixing 

If  the  contractor  decides  to  invest  capital  in  a  plant 
for  mixing  and  placing  concrete,  or  if  he  only  purchases  a 
mixer,  he  should  not  lose  sight  of  the  fact  that  the  cost  of 
his  concrete  is  to  be  Increased  by  a  certain  percentage  made 
up  in  part  of  the  interest  on  his  invested  capital,  and  in 
part  of  the  depreciation  in  value  of  the  plant  which  comes 
with  use.  Another  point  which  he  should  not  lose  sight  of  is 
that  the  cost  of  repair  to  the  plant,  the  cost  of  moving 
same  from  place  to  place,  and  the  cost  of  labor  and  supplies 
necessary  to  operate  the  plant,  should  also  be  charged  up 
to  the  work  in  hand  in  order  to  obtain  a  fairly  correct  esti- 
mate of  what  a  certain  piece  of  work  has  cost  him. 

The  actual  cost  of  machine  mixing  is  not  a  great  factor 
in  making  up  the  total  cost  of  the  labor  on  the  concrete.  In 
the  previous  detailed  statement  of  approximate  costs,  it  will 
be  seen  that  the  cost  of  actually  mixing  the  concrete  by 
hand  is  given  as  5  cents  for  each  turn  of  the  mixture  per 
cubic  yard,  which  Is  only  one  part  of  a  total  cost  per  cubic 
yard  amounting  to  about  $1.00.  Thus  it  will  be  seen  that 
the  manner  in  which  the  materials  are  brought  to  the  mixer 
and  taken  away  again,  together  with  the  cost  of  ramming 
and  spreading,  is  the  true  controlling  factor. 

If  we  consider  the  actual  cost  of  machine  mixing,  the 
style  and  size  of  mixer  used  will  be  of  great  importance. 
Prices  with  various  types  of  machines  vary  from  2  cents 
up  to  15  cents  per  cu.  yd.    An  average  price  for  rough  esti- 
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mating  is  often  taken  at  10  cents  per  cu.  yd.  for  mixing 
alone. 

Taylor  and  Thompson  state  that  on  account  of  incidental 
expenses  and  delays  caused  in  mixing  concrete  by  machin- 
ery and  hoisting  to  place,  it  is  not  safe  to  Iflgure  on  a 
price  of  less  than  $1.50  to  $2.00  per  cu.  yd.  of  concrete  as 
the  cost  of  labor  for  simply  mixing  and  placing  the  con- 
crete under  ordinary  conditions.  Prices  even  higher  than 
these   are  often   quoted,   based   on   actual  experience. 

An  estimate  on  the  cost  of  power  for  hoisting  concrete 
where  the  concrete  is  dumped  directly  from  the  machine 
into  a  self-dumping  conveyor  or  bucket  and  then  hoisted  to 
place,  is  about  5  cents  per  cubic  yard. 

The  cost  of  superintendence  over  a  plant  for  small  and 
average-sized  jobs  is  commonly  considered  to  be  about  10 
per  cent  of  the  cost  of  the  labor  per  cubic  yard  of  concrete 
mixed  and  placed.  This  should  be  added  to  the  actual  labor 
cost 

Where  concrete  can  be  dumped  from  the  mixer  into  wheel- 
barrows or  carts  and  hauled  or  wheeled  directly  to  the  work, 
the  cost  of  hoisting  lean  be  omitted  and  the  cost  of  wheeling 
as  previously  given  substituted  in  its  place. 

Since  there  can  be  no  standard  price  given  for  the  mixing 
or  placing  of  concrete  by  machinery,  on  account  of  the  varia- 
tion in  conditions  in  each  particular  piece  of  work  and  with 
the  special  apparatus  used,  it  is  better  to  make  a  careful 
analysis  of  each  operation  which  goes  to  make  up  the  process 
in  each  separate  case,  and  then  sum  up  the  individual  costs. 

The  trade  catalogues  of  the  different  manufacturers  give 
sizes  and  capacities  of  their  machines,  and  these  firms  will 
quote  prices  upon  application. 

If  it  is  desired  to  determine  the  depreciation  on  a  plant, 
a  fairly  good  method  is  to  determine  beforehand  the  price 
that  a  similar  plant  can  be  bought  for  second-hand.  That 
will  help  to  determine  roughly  the  value  of  machine  work 
88  compared  with  hand  work. 

Cost  of  Finishing  Concrete  Surfaces 

Reliable  data  and  costs  in  connection  with  methods  of 
surface  treatment  are  difficult  to  obtain.  Another  difficulty 
is  that  in  many  of  the  processes  in  use  it  makes  a  great 
deal  of  difference  whether  the  concrete  is  one  day  old  or  a 
week  old.  Take,  for  instance,  the  Quimby  process.  This 
process  of  wall  finish  is  quite  extensively  used  in  Philadel- 
phia. The  method  consists  in  using  boards  of  such  width 
for  the  forms  that  each  board  will  extend  upwards  through 
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a  space  covered  by  one  course  of  the  concrete.  These  boards 
have  small  triangular  strips  of  wood  nailed  along  each  edge, 
8o  that  when  the  forms  are  In  place,  two  strips  will  come 
together  and  form  a  seam  In  the  surface. 

As  the  forms  are  removed  from  work  which  Is  already 
in  place,  they  are  carried  up,  and  make  a  new  course  above. 
As  soon  as  the  lower  forms  can  safely  be  removed,  the  con- 
crete surface  is  scrubbed  with  an  ordinary  scrubbing  brush 
and  water,  and  then  washed  off  with  a  hose.  Generally  this 
washing  may  be  done  on  the  day  following  the  placing  of  the 
concrete,  but  depends  largely  upon  the  season  of  the  year 
and  the  rapidity  with  which  the  concrete  sets.  If  the  con- 
crete has  set  too  hard  for  ordinary  scrubbing  brushes  to 
remove  the  film  of  cement  and  expose  the  aggregate,  it  may 
be  necessary  to  use  a  wire  brush,  or  even,  in  extreme  cases, 
a  brick  with  scouring  sand. 

If  the  scrubbing  is  done  when  the  cement  is  still  fairly 
soft,  one  man  can  scrub  about  100  sq.  ft  of  surface  per  hour; 
but  if  the  concrete  has  set  hard,  it  may  take  a  day  to  scour 
the  same  area. 

Grout  or  cement  washes  are  often  applied  as  a  finish  on 
concrete  work.  The  cost  of  applying  same  with  a  brush  on 
vertical  surfaces  is  a  varying  quantity,  depending  upon  the 
smoothness  of  the  surface.  An  estimate  of  from  8  to  12 
squares  per  day  per  man  for  one  coat  will  not  be  far  out 
of  the  way. 

The  cost  of  the  grout  may  be  determined  from  the  mixture 
used.  A  1  cement  to  2  sand  mixture  is  a  fair  one,  and 
should  be  mixed  to  about  the  consistency  of  whitewash.  If 
the  grout  is  to  be  brushed  on,  all  ridges  should  be  rubbed 
off  and  all  holes  filled  before  the  grout  Is  applied. 

If  a  mortar  facing  is  to  be  used  in  the  forms,  the  cost 
may  be  determined  by  figuring  the  cost  of  the  special  mix- 
ture separate  from  the  other  concrete,  and  estimating  that 
8  squares  per  day  may  be  scoured  by  one  man  when  the 
surface  is  fairly  fresh. 

The  cost  of  removing  effloresce  nee  from  walls  by  the  use 
of  scrubbing  brushes  and  dilute  hydrochloric  acid  is  gener- 
ally figured  at  about  20  cents  per  sq.  yd.  of  surface  on  plain 
work.  On  fancy  work,  or  work  which  Is  irregular  in  design, 
this  price  may  run  as  high  as  60  cents  per  sq.  yd.  Care 
should  be  taken  to  keep  walls  thoroughly  wet  while  cleaning 
with  acid  solutions,  to  prevent  the  acid  from  entering  the 
concrete.  An  example  is  stated  in  Gillette  and  Hills'  "Con- 
crete Construction,"  where  the  cost  of  removing  efflorescence 
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with  wire  brushes  without  acid  ran  as  high  as  $2.40  per  sq. 
yd.  of  surface. 

A  finish  which  approaches  the  scheme  of  the  Quimby  fin* 
Ish  is  produced  by  using  rounded  pebbles  between  1^  and  2 
inches  in  the  smallest  diameter,  in  place  of  the  usual  crushed 
stone  for  the  surface  layer  in  the  forms.  Before  the  con- 
crete has  set  hard,  the  surface  is  brushed  until  about  one- 
half  of  the  surface  of  the  pebbles  is  uncovered.  The  cost 
of  this  style  of  finish  applied  to  concrete  which  was  24 
hours  old  was  found  in  one  instance  to  be  about  60  cents  per 
sq.  yd.  of  surface  treated. 

If  a  colored  finish  is  desired,  the  same  may  be  obtained 
by  the  use  of  colored  aggregates,  by  the  use  of  a  coating  or 
paint,  or  by  mixing  coloring  matter  with  the  cement 

Table  LXXXIII  indicates  the  mineral  coloring  materials 
which  may  be  used  for  giving  various  colors  and  tints  of  ce- 
xnent  mortar,  and  the  proportions  of  coloring  matter  to  cement 

TABLE   LXXXIII 
Materials    Used    In   Coloring    Mortars 


Color 


Miaenl 


PoDnds 

Color  to 

100  Pounds 

Coment 


POQDdS 

Color  to 
BMxolof 
CemoBt 


te:::.::::: 
fftS^::::::::- 
SSf-.:::.:::: 

BricbtlUd.... 

SftBdStODO..... 

Ylolet. 

ra 

owor  BttiT 


Otn&MtowB  Lamp  BUck 

Mancaneso  Dioxide 

Excelsior  Carbon  BUck 

ultramarine 

yitramarioeOreen 

Iron  Oxide  

PozoDeian  or  Bnslish  Red 

Red-Purple  Oxide  of  Iron. 

Violet  Oxide  of  Iron ^-. 

Roasted  Iron  Oxide  or  Brbwn  Ocher. 


2 
&to6 

« 
6  to  10 

« 

6 

8 

6 
OtoiO 


8 

48 
80 
20 
24 
24 
24 

24 


Table  LXXXIV  gives  other  information  in  connection  with 
the  coloring  of  mortar,  and  should  prove  of  service. 

It  is  not  unconmion  to  finish  the  surface  of  concrete  work 
by  bush-hammering  or  tooling.  Costs  for  this  class  of  work 
vary  greatly;  and,  contrary  to  conditions  where  the  surface 
is  to  be  scrubbed,  the  concrete  should  be  from  30  to  60 
days  old  before  it  is  worked. 

The  cost  of  dash-hammering  is  ordinarily  considered  to 
be  about  1%  to  3  cents  per  sq.  ft  when  wages  are  15  cents 
per  hour.  This  la  tMfled  cm  the  rate  of  10  sq.  ft.  of  surface 
worked  per  boot  fat  •  good  laborer.     Costs  are  given  in 
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TABLE   LXXXIV 
Coloring  of  Cement  Mortar 


Det 

Mateeial 

Used. 

Weigbt  of  Det  Coloexkg  Mattes  to  100  Lbs.  Ccubxt 

Hlb. 

lib. 

2  lbs. 

4  lbs. 

Lamp  Black 

I'russian 
Blue     . 
Ultramarine 

Yellow  Oeher 

Burnt  Umber 

Venetian  Red 

ChattanooKi 

Iron  Ore 
Red  iron  Orv 

Light  SUte 
Light  Oreen 

Light  Green 

Light  Pinkish 
gblate 

Light  Pinkish 

Slate 
Pinkish  SUte 

Light  Gray 

Light  Blue 
Pinkish  Slate 

BrightPinkish 

Dttli^Pink 

DttilPink 

Blue  Gray 
Bine  SUte 
Blue  SUte 

Dull  Uv- 
enderPink 

Light  Dttli 
Pink 

Light  Terra 

Terra  Cotta 

Dark  Blue 

Slate 
Bright  Blue 

Slate 
BrifhtBl.» 

Light  Buff 

ChocoUte 

Dull  Pink 

Light  Brick 

Light  Brick 

13 

10 

S 
10 
2H 
I 
2H 

some  Instances  as  high  as  26  cents  per  sq.  ft.  for  high-claas 
work. 

If  pneumatic  tools  are  used  with  a  special  point  for  con- 
crete work,  from  400  to  600  sq.  ft.  of  surface  may  be  covered 
per  day.  This  will  often  run  as  low  as  200  sq.  ft  per  day 
when  common  laborers  are  employed. 

Another  form  of  tooled  finish  is  obtained  by  removing 
the  forms  while  the  concrete  Is  still  fairly  green,  and  picking 
the  surface  with  a  light  pick  or  tool.  It  is  estimated  that 
a  laborer  will  pick  over  about  100  sq.  ft.  of  surface  per  day. 

Cost  of  Waterproofing 

Covering  capacities,  or  amounts  to  be  used  per  tmlt  of 
concrete,  are  stated  by  the  manufacturers  of  standard  com* 
pounds.  If  one  of  the  standard  Integral  preparations  is  to  be 
used,  all  that  is  necessary  is  to  determine  the  amount  of  the 
preparation  needed  for  the  amount  of  concrete  which  is  to 
be  waterproofed,  and  knowing  the  price  of  the  compound 
per  pound  or  per  gallon  from  the  nearest  dealer,  add  same 
to  the  cost  of  the  plain  concrete. 

For  instance,  suppose  that  it  is  decided  to  use  a  dry 
compound,  or- powder,  which  is  to  be  added  to  the  cement 
when  mixing  the  concrete.  If  the  directions  are  to  use  2 
per  cent  (by  weight)  of  the  powder  to  each  barrel  of 
cement,  this  would  mean  to  use  2/100  of  400  pounds,  or  ft 
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pounds  of  the  compound.  If  this  particular  compound  sells 
for  12  cents  per  pound,  the  added  cost  to  the  concrete  per 
barrel  of  cement  used  would  be  96  cents.  This  same  line  of 
reasoning  may  be  applied  to  other  cases  as  easily  as  above. 

If  a  surface  method  of  waterproofing  is  to  be  used,  there 
will  be  an  additional  cost  of  applying  the  compound.  This 
cost  will  depend  to  a  considerable  extent  on  the  condition 
of  the  wall  surface.  A  rough,  porous  surface  will  soak  up 
more  of  the  material  used,  and  will  be  harder  to  cover. 

In  estimating  the  labor  of  applying  surface  compoimds, 
it  is  often  figured  that  a  fair  workman  will  cover  about  8 
squares  a  day,  using  the  liquid  as  a  paint.  The  covering 
capacity  of  liquid  compounds.  Is  commonly  given  as  being 
from  100  to  150  sq.  ft  of  surface  per  gallon.  Two-coat  work 
la  necessary  in  nearly  all  cases,  the  first  coat  requiring  a 
larger  amount  of  material  and  labor  than  the  second. 

Concerns  who  manufacture  the  various  compounds  now 
on  the  market  are  always  glad  to  furnish  an  estimate  of 
the  apiount  of  their  product  needed  for  a  given  piece  of 
work,  and  also  to  approximate  the  cost  of  applying  same. 

As  an  example,  the  manufacturers  of  one  compound  which 
Is  used  as  a  paint  publish  the  following  information  in 
regard  to  their  product: 

"The  material  costs  $1.85  per  gallon;  and,  with  labor  at 
60  cents  per  hour,  8  squares  of  100  sq.  ft.  may  be  applied 
In  an  8-hour  day.  A  gallon  will  cover  a  square  and  a  half, 
one  coat." 

Detailed  examples  showing  cost  of  applying  soap  and  alum 
washes  for  waterproofing  purposes,  are  not  easy  to  obtain, 
but  should  be  .fairly  approximated  from  the  results  fol- 
lowing: On  a  reservoir  in  which  about  132,000  sq.  ft.  of 
surface  was  covered  with  two  coats  of  soap  solution  and 
two  coats  of  alum  solution,  each  wash  applied  alternately 
at  intervals  of  24  hours,  900  pounds  of  Olean  soap  were 
required,  mixed  in  the  ratio  of  %  pound  of  soap  to  1  gallon 
of  water,  and  210  pounds  of  alum  mixed  in  the  ratio  of  ^ 
pound  of  alum  to  4  gallons  of  water.  This  would  indicate 
about  %  pound  of  soap  per  100  sq.  ft  of  surface  to  be 
covered,  and  about  1/6  of  a  pound  of  alum.  Two  men  ap- 
plied these  solutions  with  10-inch  brushes,  other  men  bring- 
ing the  pails  of  material  to  them  ready  for  application. 
According  to  the  statement  given  in  connection  with  this 
Job,  the  two  men  applied  four  coats  of  solution,  two  of  soap 
and  two  of  alum,  to  the  bottom  and  sloping  sides  of  this 
reservoir  in  8V&  days. 
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This  Beems  to  be  a  very  rapid  rate  of  work,  and  Is  prob- 
ably due  to  the  fact  that  the  operation  really  consisted  in 
spreading  the  solution  over  a  ground  surface  with  no  lifting 
of  the  materials  as  in  the  case  of  a  wall  or  overhead  work. 

Where  a  surface  has  practically  to  be  "painted"  with  the 
solutions,  8  to  12  squares  a  day  per  man  would  probably  be 
a  closer  estimate  for  labor. 

A  Sylvester  mortar  has  been  made  by  mixing  8  pounds  of 
powdered  alum  with  each  bag  of  cement  and  using  water  in 
which  1^  pounds  of  light-colored  soft  soap  is  dissolved  in 
each*^  gallons  used.  This  mortar  is  mixed  1:2,  and  applied 
in  two  separate  coats,  making  a  sheet  about  %  inch  thick. 
The  cost  of  such  a  mortar  will  exceed  the  cost  of  an  ordi- 
nary mortar  by  about  60  cents  per  barrel  of  cement  used. 
It  is  figured  that  about  2  pounds  of  soap  and  12  pounds  of 
alum  are  needed  per  barrel  of  cement 

Hydrated  Lime  in  Concrete.  Hydrated  lime  increases  the 
water-tightness  of  concrete.  Effective  proportions  of  hydrated 
lime  for  water-tight  concrete  were  found  by  Mr.  Sanford  El 
Thompson  to  be  as  follows: 

One  part  Portland  cement;  2  parts  sand;  4  parts  stone; 
add  8  per  cent  hydrated  lime. 

One  part  Portland  cement;  2y^  parts  sand;  i%  parts 
stone;  add  12  per  cent  hydrated  lime. 

One  part  Portland  cement;  3  parts  sand;  5  parts  stone; 
add  16  per  cent  hydrated  lime. 

These  percentages  are  based  on  the  weight  of  dry  hy« 
drated  lime  to  the  weight  of  dry  Portland  cement 

CEIVIENT  BLOCK  CONSTRUCTION 

Table  LXXV,  based  on  figures  furnished  by  Mr.  J.  A» 
Smith,  and  published  in  "Cement  Era,"  gives  valuable  Infoi^ 
mation  concerning  the  use  of  hollow  cement  blocks  in  build- 
ing. 

In  order  to  show  the  profits  to  be  made  by  the  manufac- 
ture of  concrete  blocks,  a  block  machine  company  submits 
the  following: 

1  barrel  cement   11.50 

10  cu.  ft  clean  sand,  3  V^  cts 35 

16  cu.  ft  stone  or  gravel,  4%  cts 72 

Materials  for  55  blocks  cost $2.57 

There  are  960  cubic  Inches  in  c  block  fax8x20,  or,  material 
for  one  block,  4%  cents. 

Count  500  blocks  per  day — 
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It  Is  often  figured  that  blocks  for  a  10-in.  wall  will  cost 
about  16  cents  per  sq.  ft  of  wall  surface  out  of  the  wall. 

Table  LXXXVI,  compiled  by  the  Ideal  Concrete  Machinery 
Company,  gives  valuable  data  regarding  the  sizes,  necessary 
raw  materials,  and  equivalent  brick  displacement  of  the 
blocks  made  by  their  machines. 

The  same  company  has  made  a  comparison  between  the 
use  of  concrete  blocks  and  brick  for  buildings,  and  bases  this 
comparison  on  the  following  details: 

If  a  man  were  to  build  a  house  or  a  residence  of  bricks^ 
and  he  desired  to  substitute  blocks  for  bricks,  he  would  find 
that  where  he  would  build  a  2-brick  wall,  he  would  substitute 
12-in.  blocks;  and  if  he  would  build  a  wall  1^  bricks  thick» 
8-in.  hollow  blocks. 

The  8z8xl6-in.  block,  including  the  Joint,  covers  128  sq. 
in.  wall  surface,  and  consequently  one  square  foot  of  wall 
surface  would  require  1.12  blocks.  One  square  foot  of  wall 
surflice  of  the  brick  wall  would  require  21  bricks.  It  will 
therefore  take  64  blocks  8z8xl6-in.  to  substitute  1,000  bricks 
in  a  wall  1^  bricks  thick. 

The  price  for  laying  these  8x8zl6-in.  blocks,  which  weigh 
about  50  lbs.  each,  should  not  exceed  5  cents  each. 

Cost  for  laying  1,000  bricks,  average  not  less  than |  5.00 

Cost  for  laying  54  blocks  at  5  cts 2.70 

Saving  in  laying  the  equivalent  of  1.000  bricks |  2.30 

Purchase  price  for  bricks  will  average  for  face  bricks 

and  common  not  less  than  14.00 

Cost  of  manufacturing  54  blocks,  for  labor  and  mate- 
rial, at  ^%  cts.  each 5.30 

Saving  in  cost  for  the  equivalent  of  1,000  bricks,  using 

blocks    %  8.70 

Of,  if  we  figure  the  total  saving  for  material  and  lay- 
ing, this  saving  will  be  for  each  54  blocks,  substitut- 
ing the  1,000  bricks,  $2.30  for  laying,  $8.70  for  ma- 
terial  Total.  $11.00 

Suppose  now  we  were  to  build  a  two-story  residence,  about 
40x40  feet*  of  bricks.  The  outside  walls  would  require  about 
90,000  bricks;  and  by  substituting  the  hollow  blocks  for  the 
bricks,  there  would,  on  the  outside  walls  alone,  according 
to  above  calculations,  be  saved  $990.00.  and  a  proportional 
amount  might  be  saved  on  the  partitions. 

Finally,  it  must  be  considered  that  if  the  blocks  are  well 
made  with  a  facing  of  1  cement  and  2  sand,  and  partic- 
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ularly  If  1  to  2  per  cent  of  waterproofing  filler — ^which  will 
increase  the  cost  of  the  block  ^  cent  only — ^is  mixed  in  the 
facing  material,  the  cost  of  lathing  and  furring,  and  also 
the  rough  coat  of  plaster,  can  be  saved. 

A  mason  should  lay  from  2  to  3  blocks  in  the  wall  in 
the  same  time  it  takes  him  to  lay  14  bricks  of  the  equal 
of  but  one  block.  A  common  mason  will  lay  one  hundred 
8x8zl6-in.  blocks  per  day,  but  a  first-class  one  will  do  better. 
The  cost  of  laying  cement  blocks  will  vary  with  the  class  of 
work  desired.  We  find  upon  investigation  that  prices  vary 
as  to  the  laying  of  blocks  in  the  wall.  They  can  be  laid 
as  cheap  as  2  cents  each,  but  we  prefer  to  make  a  conserva- 
tive estimate  by  placing  the  average  cost  at  5  cents  per 
block.  Contractors  figure  the  cost  of  laying  a  common  brick 
at  $5.00  per  M.  under  ordinary  conditions. 

This  company  states  that  an  average  value  for  8x8zl6-in. 
blocks,  in  the  above  instance,  is  about  9%  cents  each. 
Their  method  of  arriving  at  this  cost  is  based  on  the  fol- 
lowing data,  the  unit-price  to  be  adjusted  for  various  locali- 
ties: 

One  block,  including  joint,  of  8x8xl6-in.,  has  32.6  per  cent, 
voids,  and  contains  0.39  cubic  foot  of  material;  consequently 
one  cu.  yd.  of  mixed  material  will  make  about  69  blocks 
8x8xl6-in. 

It  is  recommended  to  use  a  mixture  for  the  facing,  of  1 
cement  and  2  sand;  and  for  the  balance  of  the  block,  1 
cement,  2  sand,  and  3  gravel,  in  which  the  i>ebble8  for  the 
gfravel  do  not  exceed  %  inch  diameter. 

The  material  necessary  to  prepare  1  cu.  yd.  of  mixture  is 
approximately  1.54  lbs.  of  cement,  0.47  cu.  yd.  of  sand,  and 
0.73  cu.  yd.   of  gravel,  being  suflicient  for  69  blocks. 

For  manufacturing  100  blocks  there  are  needed  2.24  bbls. 
cement,  0.68  cu.  yd.  sand,  and  1.06  cu.  yds.  gravel,  which,  at 
the  following  prices,  will  amount  to: 

2.24  bbls.  of  best  Portland  cement  at  |2.25  per  bbl |5.05 

0.C8  cu.  yd.  of  sand  at  $1.25  per  cu.  yd 85 

1.06  cu.  yd.  of  gravel  at  $1.50  per  cu.  yd 1.59 

Cost  of  material  for  100  blocks  8x8xl6-in *. $7.49 

In  manufacturing  these  blocks,  some  claim  that  two  labor- 
ers of  ordinary  intelligence  can  do  all  the  work  incident  to 
the  manufacture,  and  can  with  ease  turn  out  200  blocks  a 
day.  On  this  basis,  for  one  man  $1.50,  and  for  the  other 
$2.00  per  day: 
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Cost  for  labor  for  100  blocks |1.75 

Incidentals  %1  per  day,  or  for  100  blocks... 50 

Cost  of  l&bor  for  100  blocks  Sz8xl6-ln |2.25^ 

Or  total  for  material  and  labor  for  100  blocks _9.74 

It  must  be  considered  that  the  above  calculations  are 
made  for  a  capacity  of  200  blocks  a  day;  and  that  if  several 
machines  are  operated  and  power  mixer  employed,  and 
where,  on  account  of  larger  consumption,  the  ram  material 
can  be  had  cheaper,  the  manufactured  block  will  be  cheaper. 

Additional  information  in  regard  to  blocks  is  furnished 
by  the  Lansing  Co.,  and  shown  in  Table  LXXXVII. 

Number  of  Blocks  Required 

In  estimating  the  number  of  blocks  required,  the  simplest 
method  to  pursue  is  to  figure  out  the  superficial  or  face  area 
of  the  building.  First,  multiply  the  length  around  the  build- 
ing (in  feet)  by  the  height  of  the  wall  (also  in  feet) ;  let  us 
call  this  quantity  A.  Find  the  surface  of  gables  by  mul- 
tiplying width  of  gable  by  its  height,  and  dividing  by  2; 
call  this  quantity  B.  Find  the  surface  of  each  opening  by 
multiplying  its  width  by  its  height,  and  add  together  all 
the  areas  of  the  openings;  call  this  quantity  C.  Then  add 
together  the  quantities  A  and  B,  and  subtract  from  their  sum 
the  quantity  C.  The  result  will  be  the  net  or  actual  face 
surface  to  be  covered  with  the  blocks  (in  square  feet).  Di- 
vide  this  by  100  by  simply  pointing  off  two  figures  at  the 
right,  and  this  will  give  the  number  of  squares  of  100  feet 
each  to  be  covered. 

Then  turn  to  Table  LXXXVTII,  and  multiply  your  number 
of  squares  by  the  number  in  the  right-hand  column  opposite 
the  size  of  block  to  be  used.  The  result  will  be  the  number 
of  blocks  needed  for   the  building. 

For  example,  suppose  the  superficial  area  to  be  covered 
is  1,625  square  feet.  This  will  be  15.25  squares  of  100  feet 
each.  If  the  blocks  are  to  be  8x8xl6-in.,  find  this  size  in 
the  left-hand  column  of  the  table,  and  look  across  to  the 
right,  where  you  will  find  the  number  112.  Then  112X15.25= 
1,708,  which  is  the   number  of  blocks  required. 

Cost   of   Concrete    Blocks 

The  following  example  of  cost  calculation  is  based  on 
conditions  that  may  be  regarded  as  approximately  standard: 

The  facing  mixture  is  1  part  Portland  cement  to  2  parts 
coarse,  sharp,  clean  sand;  and  the  body  of  the  block  1  part 
cement  to  2  parts  sand  and  3  parts  gravel  or  broken  stone. 
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TABLE 

LXXXVIII 

Concrete 

Block  Data 

SIZS  OF 

Block 

SouD  Blocks 

Ko.  or  Blocks 
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27 
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22 
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80 
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01 
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66 

86 

.... 
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71 
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18 

25 

02 
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88 

71 
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15 

21 
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21 
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71 
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46 

65 

17 

66 

04 
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67 

06 

62 

46 

62 

76 

150 

4zl2z24 

70 

06 

44 

65 

44 

68 

150 

tz  4z2l 

65 

44 

63 
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•  .•• 

7S 

The  *&gnre8  given  in  the  above  table  for  the  weight 
of  hollow  blocks  and  the  number  produced  from  one 
barrel  of  cement,  can,  of  course,  be  taken  as  only  approxi- 
mate, since  the  size  of  the  air-space  in  different  blocks 
varies.  It  ranges  from  about  27  to  about  32  per  cent,  or 
averages  about  30  per  cent,  of  the  total  space  occupied 
by  the  block. 

the  gravel  or  broken  stone  to  range  in  size  from  one-fourth 
to  three-fourths  of  an  inch  in  diameter. 

One  barrel  cement  contains  3%  cubic  feet 

Obc  cubic  yard  contains  7%  barrels. 

Ohe  cubic  yard  of  sand  and  3%  barrels  of  cement  will 
give  a  1:2  mixture  of  cement  and  sand. 

One  cubic  yard  of  sand  and  gravel  and  1^  barrels  of 
cement  will  give  a  1:5  concrete  mixture. 

For  manufacturing  100  blocks  8x8xl6-in.  in  size»  there  are 
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needed  2.24  barrels  of  cement,  0.68  cu.  yd.  of  sand,  and  1.06 
cu.   yds.  of  gravel  or  broken   stone.     The  cost  of  making 
100  blocks  will  therefore  be  approximately  as  follows: 
2.24  bbls.  best  Portland  cement  at  $2.00  per  bbL  =|4.48 

.0.6^  cu.  yd.  sand  at  $1.00  per  cu.  yd.  =    .68 

1.06  cu.  yds.  gravel  or  broken  stone  at  $1.50  per  cu. 

yd.  =  1.59 

Cost  of  labor  for  100  blocks  =  1.75 

Incidentals  for  safe  margin  per  100  blocks  =    .50 


Total  cost  of  100  blocks  8x8x16  in.  =$9.00 

The  above  figures  are  conservative  estimates  of  cost  for 

materials  and  labor.     They  may  vary  to  a  greater  or  less 

degree,  depending  on  the  locality — distance  from  sources  of 

supply,  local  labor  conditions,  etc. 

Ordinarily  blocks  cost  less  than  common  brick.  For  conk- 
parison  of  cost  with  brick  construction,  the  following  fig- 
ures showing  the  equivalent  number  of  brick  displaced  by 
blocks  of  various  sizes,  will  be  found  of  help: 

Equivalent 
Size  of  Block  No.  of  Brick 

with  Mortar  Joints.  Displaced. 

8x  8x16  in 14.22 

8x10x16  in 17.77 

8x12x16  in 21.33 

4x  8x16  in '. 7.11 

4x10x16  in 8.88 

4x12x16  in 10.66 

8x  4x16  in 7.11 

8x  8x24  in 21.33 

8x10x24  in 26.66 

8x12x24  in 32.00 

4x  8x24  in 10.66 

4x10x24  in 13.33 

4x12x24  in 16.00 

8x  4x24  in 10.66 

Cost  of  Special  Facing  for  Blocks.     Many  times  it  is  de- 
sired to  use  a  special  facing  on  concrete  blocks,  and,  in  con* 
nection  with  same,  the  Thompson  Architectural  Company  pub- 
lish the  following  data: 
Highest    grade,    light    color.  2  to  1  Mixture. 

100  lbs.  M.  C.  sand $0.40     Equals  1^  cu.  ft  tamped,  and 

50  lbs.  white  cement..     .63      will  cover  48  sq.  ft  surface. 

%  in.  thick,  or  2.14  cts.  per 

$1.03      sq.  ft 
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Regular   block   facing,   light. 

100  lbs.  M.  C.  sand $0.40 

40  lbs.  white  cement..    .50 

10.90 
Reg.    block    facing,    medium. 

100  lbs.  M.  C.  sand |0.40 

30  lbs.  white  cement..     .38 


10  lbs.  gray  cement. . .     .04      cts.  per  sq.  ft 


2^  to  1  Mixture. 
Will  cover  45  sq.  ft  surface, 
%  in.  thick  at  a  cost  of  2  cts. 
per  sq.  ft 

2H  to  1  Mixture. 

Will  cover  45  sq.  ft  surface, 

%  in.  thick  at  a  cost  of  l.j 


2^  to  1  Mixture. 
Will  cover  45  sq.  ft.  surface, 
%  in.  thick  at  a  cost  of  1.62 
cts.  per  sq.  ft 


2%  to  1  Mixture. 
Will  cover  45  sq.  ft  surface, 
,  %  in.  thick  at  a  cost  of  1.26 
cts.  per  sq.  ft 


10.82 
Reg.  block  fac'g,  med.  dark. 
100  lbs.  M.  C.  sand 10.40 

20  lbs.  white  cement..     .25 

20  lbs.  gray  cement. . .     M 

10.73 

Regular    block   facing,    dark. 

100  lbs.  M.  C.  sand.... $0.40 

40  lbs.  gray  cement...     .16 

$0.56 

Allowing  10  per  cent  for  overrunning  estimate,  one  ton 
of  special  facing  sand  will  face  approximately  one  thousand 
8x8xl6-in.  blocks.  The  above  prices  are  average  sand  car- 
loads; cement,  retail.  In  some  localities  where  freights  are 
high,  and  materials  are  purchased  in  small  quantities,  the 
cost  would  be  more;  in  others,  less. 

Another  form  of  estimate  is  that  the  cost  of  white  cement 
on  the  basis  of  $5.00  per  barrel  is  nearly  2^  cents  for  each 
Sx8xl6-in.  block,  and  about  3%  cents  for  each  8x8x24-in. 
block. 

White  sand  will  cost  about  1  cent  for  the  8x8xl6-iiL 
blocks,  and  1^^  cents  for  the  8x8x24  in.  blocks. 

The  above  estimate  is  on  a  basis  of  a  facing  mixture  of  1 
part  cement  and  2  parts  sand,  with  the  facing  %-in.  in  thick- 
ness. 

CEMENT  BRICK  CONSTRUCTION 

In  regard  to  the  cost  of  making  cement  brick,  which  may 
vary  in  localities,  one  can  figure  this  cost  from  the  following 
data,  for  each  thousand  brick. 

Mixture  Cement  Sand 

A  1:3  brick  takes  3.8     barrels  and  1.7  cu.  yds. 
A  1:4  brick  takes  3.05  barrels  and  1.8  cu.  yds. 
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A  1:5  orick  takes  2.55  barrels  and  1.9  cu.  yds. 

A  1:6  brick  takes  2.18  barrels  and  2     cu.  yds. 

A  1:7  brick  takes  1.9     barrels  and  2     cu.  yds. 

The  size  of  the  standard  cement  brick  is  8^x4x2  inches. 

A  brick  of  this  size  contains  66  cu.  in.  and  has  an  average 

weight  of  5  pounds. 

It  requires  26.2  bricks  of  standard  size  to  make  1  cu.  ft, 
and  707  standard  brick  to  make  1  cu.  yd. 

The  number  of  bricks  of  standard  size  required  in  walls^ 
allowance  being  made  for  waste,  is  as  follows: 

1  sq.  ft  of  wall,  1      brick  thick  will  require  14  brick. 

4         «  «        <f  "  1 1X  "  *     "  "  "  91  " 

•f  *t  t«  tl  tff  A  <•  «  «  «  OO  « 

4  <«  II  If  <f  A]/  «  «<  If  «  QP  <( 

4  <l  If  II  Iff  O  «  «  «  «  AO  ** 

One  bricklayer,  with  a  helper,  will  lay  1,500  brick  in  a  day 
of  10  hours  when  working  on  an  ordinary  wall.  In  face  or 
front  work,  he  will  lay  from  1,000  to  1,200. 

The  number  of  brick  of  standard  size  required  per  sq.  yd. 
in  sidewalk  work  is  38,  provided  they  are  placed  flatwise.  If 
placed  edgewise,  the  number  required  is  73;  and  when  placed 
endwise,  149  are  required. 

CEMENT  STUCCO  EXTERIORS 

Cement  stucco  walls,  when  used  with  ordinary  frame  con- 
struction, may  be  built  either  as  independent  slabs,  or  by 
using  the  stucco  as  a  veneer  coat  over  a  sheathed  framework. 

Framing.  The  framework  of  studding  for  a  stucco  house 
is  of  the  ordinary  "balloon"  type.  Studding  2  by  4-in.,  spaced 
12  in.  on  centers,  is  used.  These  studs  should  run  entirely 
from  the  foundation  sill  to  roof-plate,  without  any  interven- 
ing horizontal  grain  in  the  wood.  At  two  points  between 
the  foundation  and  eaves — ^midway  between  floors  will  do— 
the  studding  should  be  braced  with  2  by  3-in.  bridging,  placed 
horizontally,  but  with  the  faces  of  the  bridging  inclined  in 
alternate  directions  in  adjacent  spaces,  as  shown  in  Fig.  32. 
Foundations  should  be  built  a  few  inches  above  grade,  and 
a  cement  water-table  placed  at  grade,  so  as  to  keep  the 
stucco  up  away  from  the  ground.  This  water-table  should 
project  2  or  3  in.  from  the  face  of  the  stucco  surface. 

Floor-joists  are  supported  by  1  by  6-in.  strips  let  into  the 
studding  at  the  proper  height  and  firmly  nailed. 

Sheathed  Walls.  Where  sheathing  is  desired,  and  a 
veneer  coating  of  stucco  is  to  be  used,  the  sheathing  should 
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be  sound  and  dry,  %4n.  thick,  and  from  5  to  6  in.  in  width. 
The  boards  are  nailed  diagonally  across  the  studding,  in 
order  to  increase  the  stiffness  of  (he  structure.  Over  the 
sheathing  should  be  fastened  two  thicknesses  of  a  good  grade 
of  heavy  waterproof  building  paper.  This  paper  assists  in 
keeping  in  the  warmth  in  the  building,  and  also  protects  the 
wood  sheathing  from  rot  due  to  dampness. 

Furring.    Where  rods  or  crimped  furring  are  used,  painted 
or  galvanized  material  should  be  provided.     The  size  should 
be  such  as  to  allow  a  ^A-in.  space  at  least  between  the  metal 
M tsr H 
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Fig.  32.  Wall  Section  Showing  Detail  of  Stucco  Construction 
as  Recommended  by  the  Associated  ISIetal  Lath  Manufac- 
turers, 
and  wood,  but  not  over  %-in.  This  furring  should  be  fas- 
tened along  the  face  of  the  studding  with  No.  14  gauge  gal- 
vanized staples.  These  staples  should  be  placed  about  5  in. 
apart,  and  should  be  of  sufficient  length  to  go  through  the 
metal  and  astride  of  furring  strips  into  the  wood  at  least  1 
in.  When  furring  is  fastened  to  metal  uprights  or  members, 
galvanized  wire  should  be  used. 

Lathing.  Metal  fabric  of  some  type  is  now  stapled  onto 
the  furred  uprights.  Although  these  sheet  materials  are 
usually  specified  by  gauge,  the  true  gauge  of  the  sheets  of 
metal  from  which  the  manufactured  material  is  made  may 
have  been  changed  to  a  considerable  extent.  It  is  better  to 
specify  both  the  gauge  and  the  weight  per  square  yard  of 
material.  The  weights  are  given  in  catalogues  of  manufac- 
turers, and  may  be  depended  \jipon  very  closely.  Painting 
adds  but  little  to  the  weight  of  the  sheets,  while  galvanizing 
adds  from  .75  lb.  to  .90  lb.  per  sq.  yd.,  according  to  the  gauge 
and  type  of  material.  When  galvanized  sheets  are  used,  care 
should  be  taken  to  see  that  the  galvanizing  was  done  after 
all  other  manufacturing  processes  had  been  completed. 

The  sheets  of  reinforcement  should  be  fastened  horizon- 
tally;, that  is,  rib  materials  should  have  the  ribs  run  across 
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the  studding,  and  expanded  metal  should  be  placed  with  tht^. 
long  dimension  of  the  mesh  horizontal.  In  expanded  metal, 
the  dip  of  the  strand  sh6uld  be  inward  and  downward,  away 
from  the  workman,  so  that  a  perfect  key  can  be  formed. 
Grounds  should  allow  at  least  %4n.  over  face  of  steel.  Edges 
of  sheets  should  lap  about  the  width  of  mesh,  and  no  more, 
simply  to  make  the  sheets  stift;  and  the  meshes  should  nest. 

For  best  results,  a  sheet  material  weighing  not  less  than 
3  pounds  per  sq.  yd.  should  be  used,  fastened  horizontally, 
as  described  above,  over  the  furring  strips  on  the  12-in. 
spaced  studs.  The  sheets  of  metal  between  furring  strips 
should  be  tied  with  No.  18  gauge  galvanized  wire.  Excellent 
results  have  been  reported  in  cases  where  a  sheet  material 
of  No.  24  gauge  and  weighing  3^  pounds  per  sq.  yd.  was 
used. 

If  a  metal  comer-bead  is  not  used,  there  should  be  6-in. 
strips  of  metal  lath  bent  around  the  comers  and  stapled  over 
the  side  lathing,  unless  the  sheets  of  side  lath  as  applied 
are  bent  around  the  comers  and  fastened.  A  combination 
of  corner-bead  and  strips  of  lath  is  often  recommended. 

Mixtures  of  Materials  Used.  Three-coat  plastering  is  gen- 
erally recommended  where  a  considerable  thickness  of  mate- 
rial is  to  be  placed.  The  first  and  second  coats  should  be  of 
good  thickness,  and  the  finishing  coat  should  be  thoroughly 
waterproofed.  The  object  is  to  use  a  Portland  cement  mortar 
with  as  little  lime  in  it  as  will  make  it  work  properly.  Clean, 
long,  winter  cattle  hair,  or  clean  fiber  should  be  used  for 
binding  the  under  coats. 

For  the  first  and  second  coats  the  following  mixtures  have 
been  recommended  as  giving  good  results: 

(1)  Lime  mortar  made  by  mixing  2  barrels  of  hyd rated 
lime;  1  yard  of  clean,  sharp  sand  free  from  loam;  and  4 
bushels  of  cattle  hair.  This  mixture  should  be  made  up  at 
least  3  days  before  using. 

(2)  Cement  mortar  made  by  mixing  1  part  of  Portland 
cement  with  2  parts  of  clean,  sharp  sand  free  from  loam. 
This  mortar  is  mixed  in  small  batches  as  used. 

The  lime  mortar  and  cement  mortar  should  be  mixed  and 
tempered  separately.  When  used,  equal  parts  of  mixture,  (1) 
and  (2),  are  measured  carefully,  and  mixed  well  together. 

The  finish  coat  should  contain  no  lime;  and  if  a  lighter 
color  is  desired,  white  Portland  cement  should  be  used.  A 
waterproofing  compound  of  some  kind  should  be  mixed  with 
the  finishing  coat  This  compound  should  be  used  exactly  as 
specified  by  the  manufacturer. 
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Often  a  mixture  of  1  part  Portland  cement  and  2^  parts 
coarse  sand  is  used  as  a  finishing  coat;  and  sometimes  a 
part  of  the  sand  is  replaced  by  an  equal  amount  of  small 
pebbles  or  stone  screenings  passing  a  ^-in.  screen  and  free 
from  dust 

To  insure  an  even  color  on  this  completed  job,  the  in- 
gredients should  be  thoroughly  mixed  dry  until  the  mass  has 
an  even  color;  then  add  water  until  the  proper  consistency  is 
reached.  Care  should  be  taken  not  to  use  too  much  water 
so  that  more  Ingredients  will  have  to  be  added  to  thicken 
the  mixture.  Do  not  mix  a  greater  quantity  of  cement  plaster 
than  can  be  applied  before  the  cement  begins  to  set.  Plaster 
should  never  be  used  after  it  has  once  begun  to  harden,  but 
should  be  thrown  away. 

Applying  the  Plaster.  The  first  coat  should  be  of  such  a 
thickness  that  it  will  cover  the  metal  lath  or  fabric  and  fill 
the  meshes.  As  soon  as  this  coat  has  hardened  sufficiently,  it 
should  be  scratched  at  right  angles  and  at  about  45  degrees 
to  the  horizontal.  The  scratcher  used  should  not  cut  a  sharp 
line  in  the  plaster,  but  should  form  grooves  with  ridges  on 
the  sides,  so  as  to  present  a  rough  surface  for  the  following 
coat 

The  second  and  all  following  coats  should  be  applied  after 
the  preceding  coat  has  hardened,  but  preferably  before  it  has 
had  time  to  dry  out  Each  coat  should  be  brought  to  a  true, 
plane  surface,  and,  with  the  exception  of  the  finishing  coat, 
should  be  scratched  in  the  same  way  as  the  first  coat 

Immediately  before  placing  any  coat  of  plaster,  the  pre- 
ceding coat  should  be  thoroughly  drenched  with  water,  and 
then  covered  with  a  grout  coating  of  neat  cement  mixed 
with  water  to  the  consistency  of  thick  cream.  A  calcimining 
brush  may  be  used  for  this  purpose.  The  coat  of  plaster 
should  then  be  put  on  the  wall  before  this  grout  wash  has 
had  time  to  dry. 

The  number  of  coats  of  plaster  will  depend  upon  the  loca- 
tion and  finish  desired.  Two  coats  are  sometimes  used,  but 
more  often  three  or  more  coats  will  give  better  results.  It 
id  often  specified  that  no  coat  shall  be  more  than  H-in.  thick, 
regardless  of  the  thickness  of  wall  desired.  The  different 
coats  are  known  as  the  first  or  scratch  coat,  Intermediate 
coat,  and  finish  coat.  Three^ioat  work  is  recommended  in 
nearly  all  cases,  and  is  seen  to  be  necessary  in  many,  espe- 
cially where  thick  work  is  desired.  Smooth  or  fioat  finishes 
are  more  satisfactory  in  3-coat  than  in  2-coat  work.  It  is 
very  difficult  to  straighten  a  wall  properly  in  a  second  coat 
and  float  it  to  a  good  surface  at  the  same  time. 
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The  thickness  of  stucco  exteriors  yaries  in  different  In- 
stances from  %-in.  to  1%-in.,  depending  upon  the  type  of 
building  and  the  kind  of  sheet  steel  reinforcement  used. 
Where  a  wall  is  to  be  back-plastered,  the  backing  coat  adds 
about  %-in.  to  the  total  thickness  of  reinforced  slab. 

Finishes.  The  last  coat  of  stucco  work  may  be  finished 
smooth,  i>ebble-dash,  or  rough-cast  The  smooth  coat  is  ap- 
plied in  the  usual  manner  and  is  floated  and  troweled  to  a 
smooth  finish.  Objections  to  this  type  of  surface  are  that 
variations  of  color  show  readily,  and  that  cracks  are  more 
likely  to  occur,  due  to  troweling. 

Pebble-dash  finish  consists  of  small  pebbles  about  %-in. 
in  size,  which  are  mixed  into  a  paste  of  Portland  cement 
mortar  and  thrown  on  the  wall  with  a  trowel  or  wooden 
paddle.  A  mixture  of  5  parts  mortar  to  1  part  pebbles,  by 
volume,  is  said  to  give  good  results.  The  work  should  be 
started  at  the  top  and  confined  to  a  space  of  about  6  sq.  ft* 
per  man;  and  it  should  be  continuous  so  that  one  patch  of 
plaster  may  not  dry  before  the  spaces  adjoining  are  covered. 

Waterproofing.  It  is  claimed  by  some  architects  and  engi- 
neers that  a  small  percentage  of  hydrated  lime  mixed  with 
the  cement  mortar  produces  a  stucco  which  is  practically 
waterproof.  A  frequent  specification  calls  for  a  mixture  of  1 
part  Portland  cement,  2^  parts  clean,  medium-grained  sand, 
and  10  to  15  per  cent  of  hydrated  lime.  This  percentage  is 
based  upon  the  amount  of  cement  used  in  the  mixture. 

Stucco  on  Brick,  Stone,  Tile,  etc.  When  cement  stucco 
is  to  be  used  on  stone,  brick,  concrete,  or  terra-cotta  wall 
surfaces,  either  as  a  first  finish  or  as  a  means  of  covering 
up  deterioration  of  materials,  care  should  be  taken  to  clean 
the  surface  to  be  plastered  and  remove  all  loose  particles 
of  material,  before  applying  the  stucco.  In  brick  or  stone- 
work, all  loose  mortar  should  be  removed  from  the  joints,  and 
joints  raked  out  to  a  depth  of  ^  to  %-in.  After  the  surfaces 
and  joints  are  cleaned,  the  wall  should  be  thoroughly  wetted 
until  it  is  saturated  to  such  a  degree  that  no  water  will  be 
taken  from  the  cement  coating  which  is  to  be  applied.  A 
brush  or  hose  may  be  used  in  wetting  the  wall. 

The  method  of  plastering  to  be  followed  Is  similar  to  that 
already  described.  The  first  coat  should  be  put  onto  the 
wall  while  it  is  wet,  and  plastered  on  thickly  enough  to  cover 
all  irregularities  in  the  wall  surface. 

Where  expense  will  permit,  it  is  good  policy  to  cover 
stone  and  brick  walls  with  metal  lath  furred  out  by  steel 
rods  or  %-in.  metal  furring  strips  fastened  to  wooden  plugs 
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driven  into  the  Joints  of  the  masonry,  or  held  by  galvanized 
staples  24n.  by  No.  9  gauge  driven  into  the  mortar  Joints. 
This  furring  should  be  placed  on  about  12-in.  centers. 

Cost  of  Exterior  Plastering,  or  Stucco 

There  are  three  popular  finishes  for  exterior  work — Float, 
Rough-Cast,  and  Pebble-Dash. 

Float  finish  is  two-coat  work,  and  is,  therefore,  the  cheap- 
est of  the  three.    It  is  best  adapted  to  surfaces  of  small  area. 

Rough-Cast  and  Pebble-Dash  are  applied  in  the  third  coat 
and  are  to  be  had  in  great  variety  of  textufe  and  color. 

Cost  depends  largely  on  the  location  of  the  work,  the 
amount  of  scaffolding  required,  and  the  handling  of  the  door 
and  window  trim.  The  Northwestern  Expanded  Metal  Com- 
pany claim  that  it  should  not,  however,  exceed  an  average 
of  11.50  per  sq.  yd.  of  surface  plastered  complete;  'and  in 
small  towns  and  on  the  farm,  where  nearly  all  of  the  labor 
Involved  in  putting  on  the  lath  and  getting  ready  for  the 
plasterer  is  done  by  the  owner,  it  should  be  much  less.  This 
company  has  a  record  of  work  having  been  done  as  low  as 
62  cents  per  sq.  yd. 

Other  sources  of  information  give  the  price  of  3-coat  work 
on  expanded  metal  lath  as  |1.25  to  11.75  per  sq.  yd.  when 
work  is  put  on  in  panels,  but  only  from  85  cents  to  |1.00 
per  sq.  yd.  for  plain,  straight  work.  These  prices  include 
putting  on  the  lath  and  all  materials,  but  do  not  include  the 
cost  of  staging. 

CEMENT  MORTAR 

The  area  which  one  barrel  of  Portland  cement  in  various 
mixtures  will  cover  with  coating  of  varying  thickness,  is 
shown  as  follows: 

Thickness  Yield  in 

Proportions  of  Coating  8q.  Ft. 

flin!r. 67 

1  Cement JH  in «0 

1  Sand )H  in 134 

[Hin. 268 

f  lin 104 

1  Cement }H  in 129 

2  Sand ]  4  in 208 

[}iuu 416 

f  lin 140 

1  Cement ]^  im 187 

3  Sand. ]^  in 280 

[yiin 560 

The  quantities  of  cement  and  sand  required  for  100  sq.  ft 
of  surface,  with  various  mixtures  and  thicknesses  of  mortar^ 
are  shown  in  the  accompanying  table: 
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TABLE  LXXXIX 
Cement  and  Sand  for  100  Sq.  Ft  of  Plaster 


PROPORTIONS 


One  part  cement. 
Two  parts  sand. . 

One  part  cement. 
Three  parts  sand. 


Thickness 


1  in. 
in- 
_  in. 
Kin. 


g 


^ 


_  m. 
\i  in. 


Barrels 
Cement 


.96 
.72 
.48 
.24 


.67 
.60 


.17 


Cubio 
Yards 
Sand 


.21 
.14 
.07 


.31 


.15 
.08 


TABLE  XC 
Quantities  of  IVIateriais  for  One  Cubic  Foot  of  Cement  IVIortar 


MIXTURE 

Cement 

Band 

1:1U 

Barrel 
0.16 
0.12 
0.11 

Cubic  Yard 
0.03 

1:2     

0.03 

1:2^ 

0.04 

The  amount  of  water  to  be  used  may  be  taken  as  that 
Indicated  in  Table  XCI,  which  shows  the  percentage  of  water 
required  for  a  1:3  mixture.  This  percentage  will  vary,  where 
difTerent  cements  are  used,  according  to  the  percentage  that 
may  be  necessary  for  giving  normal  consistency  to  the  neat 
cement  paste. 

TABLE  XCI 
Percentage  of  Water  for  Standard  Sand  IVIortars 


One  Cement 

One  Cement 

Neat 

Three  Standard 

Neat 

Three  Standard 

Ottawa  Sand 

OtUwa  Sand 

15 

8.0 

'           27 

10.0 

16 

8.2 

28 

10.2 

17 

8.3 

29 

10.3 

18 

8.6 

30 

10.5 

19 

8.7 

>           31 

10.7 

20 

8.8 

32 

10.8 

21 

9.0 

33 

11.0 

22 

9.2 

1           34 

11.2 

23 

9.3 

35 

11.5 

24 

9.S 

'           36 

11.5 

26 

9.7 

1           37 

11.7 

26 

9.8 

38 

11.8 

For  example,  if  the  neat  cement  requires  18  per  cent  oi 
water  for  normal  consistency,  then  ^.5  per  cent  of  water  will 
be  needed  for  the  1:3  mortar  mixture.    The  percentages  of 
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water  indicated  are  percentages  by  weight,  being  based  on 
the  weight  of  the  dry  materlaL 

COST  OF  SMALL  CONCRETE  DAM 
Where  a  small  dam  is  to  be  built  not  more  than  6  feet 
above  the  bed  of  a  stream.  Fig.  33  and  Table  XCII  will  prove 
of  value  in  estimating  quantities  of  material  needed. 


Fig.  33.     Section  Showing  Design  Fig.  34.    Section  Showing 
of  Concrete  Dam.  Design  of  Simple  Grav- 

ity ReUining  WalL 
(Courtesy  of  Atlas   Portland  Cement  Company.) 
RETAINING   WALLS 
The  quantity  of  materials  needed  for  retaining  walls  is 
figured  in  the  same  manner  as  Indicated  for  foundations  and 
walls,  care  being  taken  to  keep   separate  the   quantity   of 
each  mixture  of  concrete.    The  volume  of  excavation  should 
be  found  by  the  method  already  explained,  and  figured  ac- 
cording to  the  costs  given  on  page  127. 

Fig.  34  shows  a  simple  form  of  retaining  wall.  The 
quantities  of  materials  needed  for  constructing  this  style  of 
wall  in  difTerent  heights  and  sizes  are  given  in  Table  XCni. 
CONCRETE  TANKS 
Heidenreich  gives  the  cost  of  reinforced  concrete  tanks 
built  of  light  dimensions  but  of  rich  material,  resting  on  the 
ground,  and  without  roof,  approximately  as  in  Table  XCIV. 


TABLE   XCII 
Dimensions  for  Smaii    Dams,  and  Quantity  of  Materials  ^r 

DifTerent   Heights  of  Dam 

Proportions:     1  part  Portland  cement,  to  2  parts  sand,  to  4 

parts  gravel  or  stone 


H«lsbt 
above^Bed 

-.  of 
Stnsm 


i^t 


D«pUi 
below  Bed 

-  "f 

Stream 


^ 


TUdmesB 
at  Base 


Fget 


I 
1 
2 
2 

S 


Thidnieas 


^ 


AMXJxrr  OP  Hatbbialb  psk  FMt 

OF  IJUICTI  OF  DAH 


Cement 


Batv 


Sand 


Cv.  Ft. 


GrmTelor 


Si 


Ca.Ft. 


TABLE   XCIII 
Dimensions  of  Retaining  Wails,  and  Quantity  of  IVIaterials  for 

Different  Heights  of  Wall 

Proporttons:     1  part  Portland  cement,  to  2^  parts  sand,  to  5 

parts  gravel  and  stone. 


X 

A 

Thlcknese 

Thickness 

Oronnd 
Level 

TUckness 

AWOUVT  OP  MATiaiALS  FBS 

One  Fr.  Lxmoth  op  Wxu. 

^^ 

Cement 

Sand 

or  Stone 

S 

i 

1 

Feet 
7 

! 

il 

Ft.      In. 
2          S 

i     ! 

1  ■! 

Ft.     In. 
2       10 

iDcliet 

il 
il 

S 

IS 

"¥ 
vi 

Cu.  Ft 

Co.  Fl 

Note — A  large  single  luail  of  wnd  or  KrtTfl  la  about  20  cable  feet* 
A  large  double  load  of  sand  or  gravttt  Is  about  40  cubic  feet 

TABLE  XCIV— Cost  of  Concrete  Tanks 
Capacity  Cost  per 

in  Gallons  Gallon 

1,000    6%  cents 

2,000    5 

5,000 4%       •• 

10,000    Z%       " 

20,000    3 

100,000    ". 2 
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CONCRETE    FENCE-POSTS 

In  estimating  the  cost  of  cement  posts,  first  find  the 
number  of  cubic  inches  in  the  size  of  post  to  be  made.  Then 
determine  the  mixture  of  cement  and  aggregates  to  be  used. 
If  we  decide  to  use  a  1:2^:4  mixture,  1  barrel  of  cement 
will  produce  about  20  cu.  ft  of  concrete.  Twenty  cu.  ft  of 
concrete,  reduced  to  cubic  inches,  is: 

20X1.728=34,560  cubic  inches. 
Divide  this  number  by  the  number  of  cubic  inches  of  con- 
crete in  the  desired  post,  and  the  result  will  be  the  number 
of  posts  which  may  be  made  from  1  barrel  of  cement  and 
the  stated  quantity  of  aggregates.  Adding  to  the  above  cost 
about  6  cents  for  reinforcement,  and  5  cents  for  labor,  the 
result  will  be  the  cost  of  an  ordinary  fence-post,  not  coimting 
the  cost  of  the  mold. 

The  cost  of  concrete  fence-posts  will  vary  with  the  size 
of  the  post,  cost  of  materials  in  a  given  locality,  and  the 
cost  of  labor. 

The  following  estimate  based  upon  the  manufacture  of 
20  posts  measuring  6  by  6  in.  at  the  bottom,  6  by  3  in.  at 
the  top,  and  7  ft  long,  from  one  cu.  yd.  of  1:2^:5  concrete, 
will  serve  as  a  guide: 

1.10  bbls.  of  cement  at  12.00 12.20 

.42  cu.  yd.  of  sand  at  |1.00 42 

.83  cu.  yd.  of  gravel  at  |1.00 83 

Materials  for  1  cu.  yd.  of  concrete.  • |3.45 

Concrete  for  1  post $0.17 

28  feet  of  .16-in.  steel  wire  at  3  cents  per  pound.     .06 

Total  cost  of  concrete  and  metal  for  1  post $0.23 

Allow  an  average  charge  of  7  cents  to  cover  cost  of  mix- 
ing concrete,  molding,  handling,  and  cost  of  molds,  making 
a  total  of  30  cents  per  post. 

Another  estimate  on  1,000  concrete  fence-posts  9  ft.  long, 
4  by  4  in.  at  the  top,  and  4  by  6  in.  at  the  base,  showed  that 
these  posts  cost  about  65  cents  each.  The  concrete  mixture 
was  composed  of  1  part  Portland  cement,  and  2  parts  stone 
screenings  ranging  in  size  from  dust  to  %-in.  Each  post 
was  reinforced  with  four  %-in.  Johnson  corrugated  bars,  one 
in  each  comer.  Cement  cost  $2.00  per  barrel;  screenings,  75 
cents  a  cu.  yd.;  and  reinforcing  steel,  3%  cents  a  pound. 

Two  men  at  |2.00  per  day  could  produce  about  40  posts 
per  day.  These  men  also  mixed  the  concrete,  and  moved  and 
watered  the  posts. 
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Fig.  35.    Solid  Cast  Concrete  Fence,  Showing  Forms  and  Rein- 
forcement.   Designed  by  G.  H.  De Trick,  Pulaski,  Va. 

SOLiD  CAST  CONCRETE  FENCE 
Fig.  35  shows  details  of  a  cast  concrete  fence  and  the 
forms  for  making  same,  as  well  as  an  estimate  of  material 
for  a  12-fL  panel  of  enclosure. 

The  concrete  mixture  was  of  1  part  Portland  cement, 
2  parts  sand,  and  4  parts  crushed  stone.  The  reinforcement 
consists  of  four  %-ln.  diameter  steel  rods  placed  near  the 
comers  of  the  post  and  extending  throughout  its  full  length. 
Two  %-in.  diameter  rods  are  placed  near  the  base,  as  shown, 
to  prevent  vertical  cracks.  Two  other  similar  rods  are 
placed  in  the  coping.  Both  sets  of  horizontal  rods  extend  a 
few  inches  into  the  next  section,  as  shown. 

A  panel  of  enclosure  wall  12  ft.  long  and  6  ft  high,  with 
12  in.  of  concrete  below  grade,  and  posts  4  ft  in  the  ground, 
will  contain  about  1%  cu.  yds.  of  1:2:4  concrete,  and  is  said 
to  cost  about  $1.50  per  running  foot,  depending,  of  course, 
on  the  extent  of  the  job  and  the  local  cost  of  material,  labor, 
etc.  The  cost  of  two  sections  of  lumber  forms  is  stated  to 
be  about  $15.  and  they  can  be  used  for  a  considerable  length 
of  time  if  made  properly  and  coated  with  some  kind  of  lubri- 
cant to  prevent  the  concrete  from  sticking  to  them.    Difter* 
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ent  heights  of  fence  may  be  built  from  the  same  forms,  by 
taking  off  or  adding  to  the  bottom  as  the  case  may  be. 

REINFORCED   CONCRETE    LINE    POLES 
Trolley  and  transmission  line  poles   made  by  the  Fort 
Wayne  &  Wabash  Valley  Traction  Co.  were  stated  to  cost 
as  follows: 

Trolley  poles  32  ft  long,  10  in.  square  at  a  section  8  ft 
from  the  bottom,  and  6  in.  square  at  the  top,  were  reinforced 
with  eight  %-in.  twisted  steel  rods.  One  of  these  poles  con« 
tained,22^  cu.  ft  of  1:3:3  gravel  concrete  and  122  pounds 
of  steel.  This  pole  weighed  3,300  pounds,  and  cost  17.50 
at  the  gravel  pit 

Transmission  poles  42  ft  long,  12  in.  square  at  a  section 
8  ft  from  the  bottom,  and  6  in.  square  at  the  top,  were  rein- 
forced with  eight  %-ln.  twisted  steel  bars,  four  of  which 
were  32  ft  long,  and  four  42  ft  long.  Each  pole  contained 
2d  cu.  ft  of  concrete,  242  pounds  of  reinforcing  bars,  and 
21  pounds  of  steps.  The  weight  of  these  poles  was  4,400 
pounds,  and  they  cost  113.00  each. 

CONCRETE.  DRAIN-TILE   AND    8EWER-PIPE 
The  following  figures,  which  are  only  approximate,  are 
based  on  a  mixture  of  4  parts  of  sand  to  1  part  of  cement 
Placing  sand  at  |1  per  yard,  cement  at  |2  per  barrel,  and 
labor  at  $2  per  day,  we  have  the  data  given  in  Table  XCV. 

Table  XCVI  shows  the  comparative  weights  and  cost  of 
concrete  and  cast-iron  pipea  from  1  ft.  up  to  4  ft.  diameter; 
it  is  based  on  the  price  of  |7  per  cu.  yd.  for  concrete,  and  3^ 
cents  per  lb.  for  cast-iron  pipes.  The  thicknesses  for  con- 
crete pipes  of  various  diameters  have  been  taken  as  approx- 
imately proportional  to  the  thickness  of  cast-iron  pipes  of 
the  same  diameter,  the  4-ft  pipes  being  used  as  a  basis  for 
calculation. 

The  first  cost  of  concrete  pipes  at  the  place  of  manufac- 
ture would,  according  to  the  table,  be  less  than  l/12th  of 
the  cost  of  cast-iron  pipes.  The  cost  of  transportation  and 
of  installing  the  concrete  pipes  would,  on  account  of  the 
greater  weight  and  greater  number  of  pieces,  probably  be 
very  nearly  double  the  cost  for  cast-iron  pipes.  On  account 
of  the  lack  of  reliable  data  regarding  this  cost,  it  is  very 
difflcult  to  give  a  fair  comparative  estimate  of  the  cost  of 
the  two  styles  of  culverts  in  place.  However,  since  trans- 
portation and  installation  of  iron  pipes  is  but  a  small  pro- 
portion of  the  cost  of  the  completed  culverts,  it  is  evident 


Sin  OF 

TXLB 

12.1nch 
14-Inch 
16-Inch 
IS-Inch 
20.1nch 
22-Inch 
24-Inch 
30-Inch 
36-Inch 
40-Inch 


12.1nch 
;14-Inch 
16-Inch 
18-Inch 
20Jnch 
122-Inch 
24.1nch 
30-Inch 
36-Inch 
40Inch 


TABLE  XCV 

Concrete  Tile  and  Sewer  Pipe  Data 

COBT  Cost  Com 

TH1CKMB8S                SaND  CBMiaT  LABOB 

l^-inch       $0.02  $0.12  $0.06 

l%.inch         0.025        0.16  0.065 

l%.inch         0.035       0.20  0.075 

1%-inch         0.04         0.22  0.085 

l%.inch         0.06         0.25  0.10 

V/s-^Qh-        0.06         0.30  0.11 

, 2-inch             0.07          0.36  .0.15 ' 

2%-inch         0.09         0.53  0.20 

3-inch             0.13         0.70  0.30 

3y2.inch         0.16         0.80  0.36 


Cost  Onb 
TZLB  24 . 
Ins.  Long 


.$0.20 

.  0.25 

.  0.31 

.  0.345 

.  0.40 

.  0.47 

.  0.57 

.  0.82 

.  1.13 

.  1.32 


Cost 
PER  Ft. 

$0.10 

0.125 

0.155 

0.172 

0.20 

0.235 

0.285 

0.41 

0.565 

0.66 


Day's  Wobx 
FUR  3  Mgn* 

100  tile 

90  tile 

80  tile 

70  tile 

60  tile 

50  tile 

40  tile 

25  tile 

20  tile 

16  tile 


TABLE  XCVI 
Relative  Thickness,  Weight,  and  Cost 
Concrete  Pipe 
SitliAm  KXHD  OP  Pipb         Thicsbbss 


of  Cast-iron  Pipe  and 


12-in.,  CBst-IroD 0.    33/64 

concrete 2.0 

IS-ln..  csat'iroo 0.    47/64 

concrete 8.0 

24-tn.,  casMron l.O 

concrete 4H 

80-la.,  cssMron 1 1/16 

concrete i\^ 

■S6-la.,  cssMron 1V( 

concrete 4% 

42-ta^  casi-lron 1% 

concrete, 5% 

48-ln.,  cast-iron l^/ld 

concreu e.O 

352 


In. 


WntilTPBB 
Lib.  Ft. 

75  Lbs. 

88  •• 

167  " 

220  - 

260  " 

420  " 

834  •■ 

602  - 

450  •• 

676  " 

600  •• 

060  •* 

726  •« 

1.181  *• 


Cost 
Lui. 


I  2.44 

0.16 

6.48 

0.86 

&18 

0.68 

10.86 

0.88 

14.68 

1.10 

19.60 

^1.66 

28.56 

1418 
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that  the  cost  of  a  concrete  pipe  culvert  in  place  would  be 
but  a  small  fraction  of  the  cost  of  a  cast-iron  pipe  culvert 
of  the  same,  diameter,  provided  the  pipes  were  hauled  only 
moderate  distances. 

CONCRETE   SIDEWALKS,  CURBS,   AND   GUTTERS 
See  section  on  "Sidewalks,  Curbs,  and  Gutters." 
CONCRETE    BRIDGES   AND   CULVERTS 
See  section  on  Bridges  and  Culverts. 

CONCRETE  RAILROAD  TIES 

A  report  issued  by  the  Maintenance  of  Way  Department 
of  the  Galveston,  Harrisburg  &  San  Antonio  Railroad,  re- 
flating to  costs  of  the  "Perclval"  concrete  tie  is  as  follows: 

Size  of  tie,  9^  in.  face,  9  in.  deep,  and  8  ft  long.  The 
«nds  of  the  base  are  ^ade  oval  for  3  ft,  with  an  average 
bearing  of  5  in.  under  the  rail.  The  center  of  the  tie  is 
cut  away  for  about  2  ft  The  matrix  contains  3  cu.  ft,  55^ 
eu.  in.  The  weight  per  tie  is  445  pounds.  Each  tie  is 
reinforced  with  four  corrugated  steel  bars — ^three  ^-in.  bars 
near  the  upper  face  of  the  tie,  and  one  %-in.  bar  in  the  base. 

The  concrete  was  composed  of  1  part  Portland  cement, 
1  part  sand,  and  4  parts  crushed  sand  rock.  The  concrete 
was  hand-tamped  In  the  molds,  and  was  exposed  to  moisture 
for  10  days. 

The  following  detailed  costs  were  reported: 
Cost  per  Tie 

Ties,  complete  $1.8500 

Freight  and  labor,   distributing 0239 

Stripping  track 1832 

InstalUng   1532 

ToUl 12.2103 

Detailed  Cost  of  Handling  and  Installing  100  TIet 
Unloading  and  distributing  ties: 

1  hour's  work  train  service $  1.46 

6  laborers  1  hour  at  $1.25  per  day 75 

1  foreman  1  hour  at  $55  i>er  month 18 

$  2.39 

Stripping  track  and  taking  out  old  ties: 

11  laborers  1  day  at  11.50  per  day $16.50 

1  foreman  %  day  at  |85  per  month 91 

1  foreman  ii  day  at  |56  per  month 59 

1  timekeeper  %  day  at  $30  per  month 32 

18.32 
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Installing  100  concrete  ties: 

9  laborers  1  day  at  $1.60  per  day $13.50 

1  foreman  %  day  at  |85  per  month. 91 

1  foreman  ^  •  day  at  $5^  per  month 59 

1  timekeeper  %  day  at  $30  per  month 32 

i5ja 

Resurfacing  track  and  dressing  ballast: 

12  laborers  1  day  at  $1.50  per  day $18.00 

1  foreman  ^  day  at  $85  per  month 91 

1  foreman  %  day  at  $55  per  month .59 

1  timekeeper  %  day  at  $30  per  month 33 

19.8S 

Total  $55.86 

CONCRETE  PILES 

Ordinary  concrete  piles  cost  from  60  cents  to  $1.00  per 
linear  foot  when  driven.  Special  types  cost  from  $1.00  to 
$1.50  per  linear  foot.  For  small  quantities  of  piles  made  at 
one  time,  the  cost  of  ordinary  piles  may  run  as  high  as 
$1.65  per  linear  foot 

The  cost  of  concrete  piles,  as  compared  with  that  of  wood 
piles,  was  brought  out  in  a  striking  manner  during  the  erec- 
tion of  the  new  buildings  of  the  United  States  Naval  Academy 
at  Annapolis,  Md.  Calculations  showed  that  by  using  con- 
crete piles  a  saving  of  over  $27,000,  or  more  than  50  per  cent 
of  the  cost  of  wood  piles,  could  be  effected.  The  various 
factors  which  tended  toward  the  economy  resulting  from  the 
substitution  of  concrete  piles,  are  thus  stated  by  Walter  R. 
Harper,  inspector  in  charge  of  the  work:  2,193  wood  piles 
were  replaced  by  885  concrete  piles;  4,542  yards  of  excava- 
tion was  reduced  to  1.038  yards,  saving  2,504  yards;  and  3,250 
yards  of  concrete  footing  was  reduced  to  986  yards,  thus 
saving  2,264  yards.  Shoring  and  pumping,  which  would  have 
cost  $4,000  had  wood  piles  been  used,  were  entirely  elimi- 
nated. 

Table  XCVII  shows  a  detailed  statement  of  the  comparison. 

The  saving  in  the  cost  of  foundations  by  the  use  of  con- 
crete piles  was  $27,458.18,  or  more  than  half  the  original 
cost  of  the  foundations  as  designed  with  wood  piles. 

COST  OF  CONCRETE  SILOS 
Tables  XCVm  and  XCIX,  compiled  by  the  Universal  Port- 
land Cement  Company,  give  an  Interesting  comparison  of  costs 
of  both  monolithic  and  block  silos  of  various  sizes  and  built 
in  different  localities. 


TABLE  XCVII 

Comparative  Cost  of  Wood  and  Concreto  Piles 

Wood  Plies 

2,193  piles,  at  $9.50 120,835.50 

4,542  cubic  yards  excavation,  at  |0.40 1,816.80 

3,250  cubic  yards  concrete,  at  |8.00 26,000.00 

5,222  lbs.  I-beams,  at  |0.04 208.88 

Shoring  and  pumping 4,000.00 

Total  cost    .^  |52,861.1g 

Concrete  Piles 

855  pUes,  at  $20.00 117,100.00 

1,038  cubic  yards  excavation,  at  |0.40....       415.00 

986  cubic  yards  concrete,  at  18.00 7,888.00 

Shoring  and  pumping 

Total   cost    25,403.00 

Difference  In  cost  ^ f 27,458.18 


The  following  costs  given  per  ton  of  capacity  of  silo,  are 
taken  from  these  tables: 

Average  Cost  of  Silos 

Per  Ton  of  Capacity 
Monolithic       Block 

Illinois $2.83  $2.44 

Michigan   2.31  3.21 

Wisconsin   2.10  3.36 

Minnesota  2.26  3.34 

Average  cost  of  all  silos,  capacity  100  tons 

or  less  2.89  3.52 

Average  cost  of  all  silos,  capacity  100  to  200 

tons  2.38  288 

Average  cost  of  all  silos,  capacity  more  than 

200  tons    2.18 

Average  cost  of  all  silos 2.30  8.11 

Labor  Required  for  Silos 

The  following  estimate  of  labor  required  to  construct 
monolithic  silos  ifi  based  on  experience  in  a  large  number 
of  cases,  the  materials  being  mixed  by  hand.  The  labor 
here  given  is  approximate,  and  does  not  include  that  required 
to  haul  materials: 
Silos    8  ft  diameter  10  to  14  days  (4  hrs.  per  day)  4  men 


12  " 

M 

10  to  16    " 

M 

ii         4» 

4  men 

16  •• 

l< 

10  to  16    " 

U 

it         ti 

4  to  5  men 

20  " 

M 

10  to  20    - 

$4 

U         M 

5  men 

22  " 

M 

12  to  20    •• 
356 

U 

«         ti 

5  men 
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TABLE  XCVIII 
Co8t  of  Monolithic  Silos 


fs 

Di«aMt«r 
In  ft. 

"41J^ 

Cap«ity 
tatonft 

"<2£r 

Co.tp« 

ton  of 

ciwMfty 

LocMisa 

1 

16 

57 

161 

$525 

U.^ 

Belvidere,         IDinou 

2 

16 

44 

207 

695 

3.36 

Carlton, 

3 

15 

30 

105 

400 

3.81 

Downcr'f   GroTe," 

4 

16 

32 

131 

500 

3.82 

Downer's   Grove,* 

S 

20 

40 

282 

550 

1.95 

Dnndee,                 * 

6 

20 

40 

282 

720 

2.56 

Dnndee,     . 

1 

12 

27 

58 

241 

4.15 

Eflfingham»            ** 

8 

18 

40 

228 

620 

Z62 

Elbum. 

9 

18 

40 

228 

620 

Z62 

Elbnm.                 •• 

10 

20 

40 

282 

680 

2.41 

Elbnm,                  " 

11 

20 

40 

282 

680 

Z41 

Elbnm. 

J4 

16 

40 

180 

550 

3.05 

Kancville, 

15 

17 

42 

218 

650 

2.98 

Lake  Forest,         * 

16 

17 

42 

218 

650 

Z08. 

Lake  Forest        *^ 

17 

18 

46 

277    ' 

650 

2.35 

Marengo,               *• 

18 

18 

36H 

200 

409 

2.09 

20 

18 

34 

181 

490 

2.70 

St.  Cbarles, 

21 

16 

30 

119 

405 

3.40 

St.  Cbarles, 

22 

20 

40 

282 

680 

2.41 

St.  Charles,          " 

23 

18 

38 

212 

575 

2.72 

St.  Charles, 

24 

12 

38 

94 

300 

3.19 

St.  Jacob,             r 

2S 

18 

40 

228 

550 

241 

Wheaton, 

26 

24 

50 

550 

73 

24 

50 

550 

1666 

.97 

Winslow, 

28 

24 

50 

550 

29 

20 

40 

282 

500 

i.76 

Coldwater,    MichiffU»^ 
Coldwater,        -^    -^ 

30 

20 

40 

282 

500 

1.76 

32 

14 

45 

165 

306 

1.87 

Ean   Claire,           ** 

33 

14 

46 

170 

400 

Z35 

Eau  Qaire, 

34 

12H 

36 

95 

163 

1.72 

Eau  Claire.          " 

35 

14 

36 

118 

200 

1.70 

Eau  Claire, 

36 

55 

190 

3.45 

Grandvill ., 

%1 

ii 

28 

51 

105 

2.06 

Hndsonville 

38 

14 

28 

83 

250 

3.00 

Kalamaxoo,          "* 

39 

12 

30 

67 

250 

3.72 

Kalamazoo,          " 

42 

14 

30 

91 

130 

1.43 

Lansing, 
LansiXg. 

43 

14 

32 

100 

169 

1.69 

44 

18 

40 

228 

550 

2.41 

Marquette,            " 

45 

14 

40 

138 

295 

214 

Parma,                  r 

46 

14 

40 

138 

300 

2.18 

Pwma,                  - 

47 

12 

36 

87 

230 

264 

Parma, 

48 

12 

36 

87 

240 

2.75 

Parma«                  ' 

49 

12 

36 

87 

300 

3.45 

Parma,                  r 

50 
57 
58 

14 
20 
20 

47 

45 
45 

175 
330 
330 

300 
550 
550 

1.72 
1.67 
1.67 

Ced!!7barg.  WiscMuiflw 
Cedarbnrg,            * 

61 

16 

30 

120 

500 

4.16 

Elkhotn.*             - 

64 

16 

40 

180 

275 

1.53 

Hudson.                - 

65 

14 

52 

190 

600 

3.16 

Irma,                     * 

66 

14 

36 

118 

175 

1.48 

Lake  Geneva.      • 

68 

14 

36 

118 

293 

2.48 

Madison,               J 

71 

16 

30 

120 

260 

216 

New  Richmon*.  * 

72 

16 

30 

120 

260 

216 

New  Richmond.  "^ 

73 

16 

37 

161 

199 

L24 

New  Richmond,  " 

74 

13 

30 

79 

168 

213 

Roberts. 

75 

16 

30 

120 

114 

.95 

Robert*,               ^^ 

76 

16 

30 

120 

180 

1.50 

Roberts: 

1 
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tattk 

IMWB- 

Hdsht   C«>Mity 

Bntin 

CiMtpW 

k5 

•ter 

ia             in 

ton  Of 

LOCATION 

tefMt 

fwt    ^      tons 

cost 

eapMity 

77 

16 

30 

120 

177 

1.47 

Roberts,        Wisoonsin 

78 

16 

38 

167 

195 

1.17 

Roberts, 

79 

14 

35 

114 

325 

2.85 

Walworth. 

80 

14 

28 

83 

400 

4.80 

Walworth, 

81 

60 

40 

2250 

2500 

1.11 

Waukesha, 

8S 

14 

29 

87 

115 

1.32 

Jordan,          Minnesota 

89 

20 

32 

205 

380 

1.85 

Owattona,           •{• 

90 

14 

28 

83 

214 

2.58 

Rose   Creek,         *• 

93 

16H 

33 

144 

475 

3.30 

Wheaton, 

94 

20 

40 

282 

500 

1.77 

Centerville,       Indiana 

95 

16 

38 

167 

500 

2.99 

Fort  W>yne,        '* 

96 

16 

40 

180 

550 

3.05 

Huntington,          " 

97 

14 

30 

91 

340 

3.7^ 

Oil  City. 

102 

16 

40 

180 

344 

1.91 

Roanoke,        Missouri 

loa 

16 

32 

131 

315 

2.40 

Springfield, 

High    Bridge,    Kentucky 

West  Paint  Lick.  " 

104 

12 

30 

67 

250 

3.72 

105 

18 

38 

211 

204 

.97 

106 

12 

24 

49 

145 

Z96 

Fort    Collins,   Colorado 

107 

12 

24 

49 

165 

3.36 

Fort  Collins,         " 

106 

17 

38 

190 

400 

2.10 

Iowa  City,  Iowa 

no 

18 

40 

228 

600 

2.64 

Warren,   Pennsylvania'" 

TABLE  XCIX 
Cost  .of  Consrete  Block  Silos 


•» 

Dtaoi- 
tolSt 

B^ht 

fMt 

CaiMKitr 
tons 

Bntln 
eoat 

w^ 

LOCATION 

12 

16 

38 

167 

$450 

$  Z70 

Kancville,           Illii|ois 

13 

16 

44 

207 

450 

Z18 

Kaneville,           *1i 

'31 

12 

32 

74 

163 

2.20 

Coloma,          Michigan 

40 

12 

30 

67 

138 

Z06 

Lansing,                *' 

•41 

12 

38 

94 

180 

1.92 

Lansing,                *?. 

SI- 

8 

37 

40 

227 

5.70 

Sodus. 

S2 

12 

30 

67 

300 

4.48 

Sodus, 

53 

12 

30 

67 

180 

Z70 

Zeeland, 

54 

10 

20 

36 

110 

4.20 

Zeeland, 

55 

10 

28 

42 

160 

3.80 

Zeeland,                * 

56 

lOJi 

28 

45 

170 

3.78 

Zeeland,     . 

59 

16 

34 

143 

340 

2J8 

East  Troy.  Wiscohsia 

60 

14 

35 

114 

300 

264 

Elst  Troy. 

62 

14 

30 

91 

450 

4.95 

Elkhorn.                ** 

63 

18 

33 

174 

400 

2.30 

Elkhorn. 

67 

12^ 

38 

100 

500 

5.00 

Lake  Geneva, 

69 

16 

32 

131 

410 

3.13 

New   Richmond,  " 

70 

16 

32 

131 

410 

3.13 

New   Richmond.*'* 

82 

16 

42 

193 

550 

2.83 

Austin,           Minnesota 

83 

16 

30 

119 

400 

3.36 

Claremont             ," 

84. 

16 

i2 

131 

400 

3.05 

Claremont,            "•• 

86 

14 

•32 

100 

312 

3.12 

Litchfield. 

87 

14 

32 

100 

380 

3.80 

Northfield. 

88 

14 

32 

100 

375 

3.75 

Norihfield,             ** 

92 

14 

32 

100 

225 

2.25 

Stillwater  Jet.       " 

96 

20 

60 

530 

750 

1.42 

Delaware.            Ohio 

99 

14 

40 

138 

420 

3.04 

Greenfield. 

too 

12 

'    33^ 

80 

250 

3.12 

Lorain.                  **  . 

101 

12 

30 

67 

200 

Z98 

MarysviUe, 

109 

16 

34V4 

146 

475 

3.25 

Butler,        Pennsylvania 

r/^ 
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TABLE  C 
Approxiqfiate  Capacity  of  Round  8ll08»  In  Tons 
Diameter  te  shown  at  top  of  oolumn,  and  depth  at  left 


Insids  DiAMirnER  o^  gn.o. 

m  Fbkt:  and  Capacit7.  nr  Tons 

(2.000  lbs.) 

10  ft. 

11  ft. 

12  ft. 

13  ft. 

14  ft. 

15  ft. 

16  ft. 

17  ft. 

18  ft. 

19  ft. 

20  ft. 

Feet 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tow 

tona 

20 

26 

21 

28 

22 

30 

36 

23 

32 

30 

^ 

24 

34 

41 

40 

25 

36. 

43 

52 

■ 

26 

38 

46. 

55 

64 

27 

40 

40 

58 

68 

28 

42 

51 

61 

71 

% 

29 

44 

54 

64 

75 

30 

47 

56 

67 

70 

01 

105 

31 

40 

58 

70 

83 

06 

110 

32 

51 

62 

74 

86. 

100 

115 

131 

33- 

53 

65 

77 

00 

105 

121 

138 

34 

56 

68 

80 

04 

100 

126 

143 

162 

35 

58 

70 

84 

08 

114 

132 

140 

160 

36 

61 

73 

87 

102 

118 

136 

155 

176 

106 

37 

63 

76 

00 

106 

123 

142 

161 

183 

204 

38 

66 

70 

04 

110 

128 

148 

167 

101 

212 

237 

30 

68 

82 

07 

115 

133 

154 

174 

108 

221 

247 

40 

70 

85 

101 

110 

13& 

160 

180 

205 

220 

256 

280 

41 

72 

88 

105 

124 

143 

166 

187 

211 

236 

262 

201 

42 

74 

.»! 

100 

128 

148 

172 

103 

218 

244 

270 

300 

43 

113 

133 

154 

170 

201 

225 

252 

280 

310 

44 

117 

187 

150 

184 

207 

233 

261 

280 

320 

45 

166 

101 

215 

240 

260 

208 

330 

46 

170 

107 

222 

247 

277 

307 

340 

47 

220 

254 

285 

316 

350 

48 

286 

261 

203 

325 

361 

40 

801 

334 

371 

60 

310 

344 

382 

Add  5  feet  to  height  indicated,  tp  allow  for  settling  of  silace. 
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2    i 
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EQ 


00 


00 

o 

I  I 


2        :3  >; 


»^  Q 


to  o 


IB 
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25 

If 

o  3 

M 

s 

o 

wwrnnmiUi 

22.8 
24.8 
26.5 
28.5 

30.3 
32.0 
34.0 
35.9 

38.0 

40.0 
41.8 
43.5 
45.0 
47.3 

:-diSI2SiiSiiii^2 

252SSS52S2§2553: 

rzim^muuw 

11.2 
12.4 
13.5 
14.7 
15.8 
17.0 
18.0 
19.3 

23.4 
23.8 

34.8 
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6^ 

M 
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i  152^222225:552: 

•:5225255S332532: 

522255255555555; 

^  -4  *4  .H  r4  W  «-l  ^  r4  *4  r4  M  M  M 

8.4 

9.0 
9.9 

10.7 
1L6 
lt.3 
13.1 
14.0 
14.8 
18.7 
16.4 
17.3 
18.1 
18.9 
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e 
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00 
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38.5 

41.8 
44.9 
48.0 
51.4 
54.3 
57.6 
60.8 
64.0 
67.6 
Jl.O 
74.0 
76.6 
80.0 

is'^^liiSSiSiiSiS 

^iiasiiiiiiaiigi 

23.6 
24.9 

27.1 
29.3 
31.5 
33.8 
36.0 
38.3 
40.4 
43.8 
44.5 
47.4 
49.6 
51.8 

19.0 
81.0 
22.8 
24.8 
26.6 
28.8 
30.7 
32.3 
34.3 
36.3 
37.8 
40.0 
41.8 

o  f  M  e  M  e  »>  i-i  •>  M  t«  lo    .... 

«.i^a;^-M<,:»eC«j<^^«o'  :  i  :  : 

^  fl  •-•  M  M  M  M^  M  «0  A  M      .... 

12.6 
13.8 
15.1 
16.3 
17.6 
18.9 
20.1 
81.4 
22.6 
33.9 
26.1 

^'i 

i 

ssssKSSs;ss99;:;9sj 
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The  wire  gauges  indicated  in  Tables  CIII  and  ClV  are 
those  of  the  American  Steel  &  Wire  Company. 

TABLE  CVI 
Dimensions  and  Capacities  of  Silos 
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Fui^  FOA  ISO  DATS 

Fccji  t-oti  210  Dat9 

IS 

In  e 

Sl£S  OF  5lU> 

St£K  OF  SlLO 
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is 

5»oS  ' 
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OOP  O 
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FMfT 
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Masonry  Construction 

STONE  MASONRY 

Measurement  of  Masonry.  There  are  no  universally 
adopted  rules  for  measuring  stone  masonry,  and  the  custom 
in  each  locality  must  be  ascertained  before  bidding  upon  or 
measuring  up  work  of  this  kind.  The  most  satisfactory  man- 
ner of  measuring  stone  is  by  the  cubic  yard,  'fb  find  the 
number  of  cubic  yards  contained  in  a  wall  or  pile  of  stone, 
measure  the  length,  height,  and  thickness  of  the  wall  or  pile, 
obtaining  all  three  dimensions  in  feet  and  fractions  of  a  foot. 
Multiply  these  three  quantities  together,  and  divide  the  pro- 
duct by  27,  the  number  of  cu.  ft.  contained  in  1  cu.  yd.  Sup- 
pose, for  example,  the  measurements  to  be:  Length,  92  ft; 
height,  13  ft.  6  in.  (13^^  ft.);  thickness,  16  in.  (1%  ft). 
Then  we  have:     92X13% XI %-^27=61%  cu.  yds. 

The  cord,  or  128  cubic  feet,  is  sometimes  used,  but  has 
no  advantage  over  the  cubic  yard  as  a  unit  of  measurement 

The  perch,  which  Is  also  used  as  a  measure  of  stone  or 
stonework,  Is  often  misleading,  on  account  of  the  varying 
value  of  a  perch  in  different  localities.  This  value  may 
range  all  the  way  from  16%  to  25  cu.  ft,  depending  upon 
the  custom  in  the  particular  locality. 

It  is  easier  to  build  a  straight,  plain  wall  than  one  con- 
taining comers  or  curves;  and  for  this  reason  the  number 
of  cu.  ft  in  a  wall  is  not  an  exact  index  of  the  worth  of 
such  work.  One  way  of  allowing  for  such  extra  work  is  to 
count  the  openings  for  windows  and  doors  as  solid,  thus  add- 
ing to  the  actual  number  of  cu.  ft  in  the  wall.  Another 
rule  sometimes  adopted  is  to  take  out  the  openings,  and  add 
1  cu.  ft  for  each  linear  foot  of  comers  to  be  finished,  in* 
eluding  the  vertical  sides  of  windows  and  doors. 

For  example,  let  Fig.  36  represent  the  plan  and  elevation 
of  the  front  of  a  small  building  to  be  measured.  According 
to  the  first  rule,  the  volume  is: 

(8+25)X12Xl%=594  cu.  ft 
By  the  second  rule,  it  is: 

594— (4+18+48)  Xl%+12X6+32=593  cu.  ft 
If  the  extras  for  the  comers  be  counted  18  in.  thick,  the 
result  will  be  52  cu.  ft.  more,  or  645  cu.  ft 

If  the  comers  are  in  foundations  under  ground,  they  are 
usually  left  so  rough  that  no  allowance  is  made  for  building 
them. 
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Usually  openings  not  wider  than  twice  the  thickness  of 
the  wall  are  measured  as  solid;  and  some  allowance  is  agreed 
upon  as  extra  to  be  added  for  building  comers,  curves,  or 
other  unusual  work. 

It  is  seen  from  the  above  example,  that  as  much  as  ten 
per  cent  of  the  total  volume  may  depend  upon  the  method 
adopted  in  the  measurement  Accordingly,  care  should  be 
taken  that  all  parties  concerned  are,  from  the  first,  acquainted 
with  the  practice  to  be  adopted. 


Fig.   36.     Measuring   Masonry   in   a   Smali    Building. 


Cost  of  Stone.  The  cost  of  stone  is  subject  to  so  many 
changes  and  to  so  many  local  conditions,  that  nothing  more 
than  a  very  general  statement  can  be  made  concerning  it. 

A  large  part  of  the  total  cost  of  stone  as  used  in  build- 
ing, is  the  expense  incurred  in  cutting  the  stone.  Within  the 
past  few  years,  the  following  prices  for  sawing  stone  have 
been  quoted:  Sandstone,  8  to  10  cents;  limestone,  15  to  18 
cents;  marble  and  granite,  25  to  35  cents — all  per  sq.  ft. 
It  costs  nearly  |5.00  to  quarry  a  cu.  yd.  of  granite,  split  to 
three  dimensions.  If  split  in  random  sizes,  the  cost  is 
perhaps  |4.00.  Granite  broken  out  by  very  heavy  blasts, 
to  be  afterwards  used  in  this  form  or  to  be  split  into  reg- 
ular shapes,  is  sometimes  quarried  as  cheaply  as  50  cents 
or  less  per  cu.  yd.  Bedford  limestone  costs  from  |1.50  up 
per  cu.  ft,  ready  for  the  wall. 

The  cost  of  rougii  stone  for  use  in  bridges  and  founda- 
tion work  ranges  from  $2.75  to  $3.00  per  cu.  yd.  Asiilar  is 
about  the  same  price;  but  coping  stone  varies  from  $3.00 
to  $3.50  per  cu.  yd.  Cut  asiilar  varies  from  $3.25  to  $4.00, 
while  cut  coping  is  worth  from  $4.00  to  $4.75  per  cu.  yd. 
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In  the  Eastern  States  a  fair  estimate  for  granite  may 
be  taken  as  follows: 

Blocks  3  ft  square  and  under,  |1.50  per  cu.  ft 

Over  3  ft  up  to  3  ft  6  in..  $1.70. 

From  3  ft  6  in.  up  to  4  ft.  |1.90. 

Flagstones  are  estimated  as  costing  between  20  and  70 
cents   per   sq.   ft.   of  top  surface. 

Rough  backing  stone  for  bridge  and  foimdatlon  work  costs 
from  12.00  to  $2.50  per  cu.  yd.;  while  cut  backing  for  cut 
coping  and  ashlar  work  costs  from  $2.60  to  $3.25  per  cu.  yd. 

Cost  of  Stonework.  For  rough  work,  such  as  foundations, 
common  rubble  stone  is  estimated  at  about  10  to  12  cents 
per  cu.  ft.  out  of  the  wall,  and  about  20  to  24  cents  per  cu. 
ft,  including  mortar  and  labor,  laid  in  the  walL    The  lower 

TABLE   evil 
Cost  of  Various   Kinds  of  Stonework 

Random  rubble^  per  cu.  ft. ..30  to  36e 

Coursed  rubble,  per  cu.  ft > 56  to  GOe 

XUoursed  rock  face,  per  sq.  ft.  of  face.  •^. . .. , 75c 

Cost  of  setting  ashlar,  per  sq.  ft.  of  face.  • .« 20c 

Jamb  stone  and  faced  openings,  per  sq.  ftl  • ; , 75c 

Backing,  per  cu.  ft \.\....20  to  25c' 

Curbing  (4"x24''  granite)^  per  linear  foot , .  •  50p' 

Flagstone, 

2  in.  X  3  ft.  X   5  ft,  per  sq.  ft 13c 

3  in.  X  3  ft.  X    5  ft.,  per  sq.  ft 15c 

4  in.  X  5  ft.  X    5  ft.;  per  sq.  ft 35c 

6  in.  X  8  ft.  X  10  ft.,  p^r  sq.  ft , 70c 

boor  sills,  8  in.  x  12  in.,  dean  cut,  per  linear  foot.  •  .(L40 
Window  sills,  4  in.  x  8  in.,  clean  cut,  per  linear  foot.  55c 
Window  sills,  5  in.  x  8  in.,  clean  cut,  per  linear  foot.  75c* 
Window  sills,  5  in.  x  12  in.,  clean  cut,  per  linear  foot.  90c 

Water-table,  8  in.  x  12  in.,  per  linear  foot $1.45 

Coping,  3  in.  X  18  in.,  rock  face,  per  linear  foot. ....  4(Jc 
Coping,  4  in.  X  21  in.,  rock  face,  per  linear  foot. . . . .  60e 

Coping,  4  in.  X  21  in.,  clean  cut,  per  linear  foot $1.30 

Lintels,  4  in.  x  10  in.,  clean  cut,  per  linear  foot 75c 

Lintels,  8  in.  x  12  in.,  per  linear  foot •  ^ll^ 
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price  applies  to  walls  18  in.  and  over  in  thickness;  while 
the  higher  price  is  for  12  to  IG-in.  walls.  Double-faced  walls 
may  even  run  as  high  as^SG  cents  per  cu.  ft 

The  above  prices  are  only  for  rough  work.  Work  laid 
in  courses  and  nicely  faced  will  cost  more,  but  varies  in 
price  with  the  locality. 

One  man  with  a  helper  will  lay  from  90  to  150  cu.  ft  of 
stone  in  a  ten-hour  working  day,  depending  on  the  class  of 
work. 

As  a  guide  to  the  probable  cost  of  different  tyi>es  of 
stonework  in  place.  Table  GVII  may  be  used  with  a  fair 
degree  of  correctness. 

For  bluestone  door-sills,  8x12  in.,  clean  cut,  allow  11.25 
per  linear  foot  For  window-sills  5x12  in.,  clean  cut,  allow 
85  cents  per  linear  foot;  while  4x8  and  5x8  cost  about  50 
and  70  cents  per  linear  foot  respectively. 

Clean  cut  bluestone  lintels  cost  about  65  cents  per  linear 
foot  for  the  4xl0-in.  size;  while  the  8xl2-in.  size  costs  about 
11.20  per  linear  foot. 

Water-table,  clean  cut,  is  estimated  at  about  |1.30  per 
linear  foot 

The  prices  for  bluestone  coping  are  about  as  follows: 

4x21-in.,  clean  cut,  |1.20  per  linear  foot 

4x21-in.,  rock-face  edges  and  top,  50  cents  per  linear  foot 

3xl5-in.,  rock-face  edges  and  top,  30  cents  per  linear  foot. 

3zl8-in.»  rock-face  edges  and  top,  35  cents  per  linear  foot. 

These  prices  are  for  cut  bluestone  only,  but  may  be  used 
as  an  approximate  basis  for  comparison  of  the  costs  of  other 
stone.  This  comparison  will  have  to  be  left  to  the  judgment 
and  experience  of  the  contractor,  as  it  involves  quantities 
which  vary  not  only  with  each  piece  of  work  but  with  the 
locality. 

The  cost  of  setting  the  stonework  used  must  be  added  to 
the  above  prices,  and  may  be  fairly  estimated  as  10  cents 
per  linear  foot  for  water-tables  and  ground  work  such  as 
steps,  and  at  about.  6  cents  per  linear  foot  for  window-sills 
and  work  of  a  similar  nature. 

In  speaking  of  the  work  of  stonecutters,  the  Building 
Trades  Pocket-Book  states  that  a  stonecutter  can  cut  about 
6  sq.  ft  of  granite  per  day,  8  sq.  ft  of  bluestone,  and  about 
10  sq.  ft.  of  Ohio  sandstone  or  Indiana  limestone.  These  fig- 
ures are  for  8-cut  patent-hammered  work. 

For  rock-face  ashlar,  beds  worked  3  in.  from  face,  a 
workman  can  dress  from  25  to  28  sq.  ft.  of  random  ashlar 
per  day,  and  from  18  to  20  sq.  ft  of  coursed  ashlar. 
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In  figuring  cut  stone,  allow  about  25  per  cent  for  wasta 

The  cost  of  dressing  limestone,  with  a  bush  hammer  or 
tooth  chisel,  is  about  25  cents  per  sq.  ft  of  dressed  surfaca 

The  cost  of  fine-pointing  the  beds  and  the  Joints  of  sand- 
stone is  about  13  cents  per  sq.  ft.,  where  %-in.  joints  are  to 
be  laid.  In  one  instance  the  cost  of  cut^ng  sandstone  to 
^•in.  joints  for  work  on  bridge  piers,  was  $2.65  per  cu.  yd. 

The  cost  of  cutting  granite  for  beds  and  joints  is  stated 
to  be  about  33  cents  per  sq.  ft  of  surface;  pean-hammered, 
50  cents  per  sq.  ft;  plain  face,  from  65  cents  to  $1.10,  de- 
pending upon  whether  6-cut  or  12-cut 

For  setting  coursed  ashlar,  allow  from  35  to  50  sq.  ft  per 
day  for  a  mason  and  helper. 

One  man  will  cut  from  1  to  2  sq.  ft  per  day  on  cornice 
work,  measuring  length  and  girth. 

An  average  workman  will  carve  about  1  sq.  ft  of  sui^ 
face  per  day  on  average  work,  after  the  stone  has  been 
surfaced. 

On  cobblestone  work  with  recessed  joints  and  two  fin- 
ished surfaces,  one  mason  and  helper  will  lay  about  %  cu. 
yd.  in  one  day. 

On  work  above  reach,  one  man  should  be  allowed  for 
each  eight  workmen  for  putting  up  scaffolding. 

Mortar  for  Masonry.  Table  CVIII  indicates  the  amount  of 
cement  mortar  required  for  laying  one  cu.  yd.  of  masonry  of 
various  kinds. 

The  manner  of  using  Tables  CVIII  and  CIX  is  shown  in 
the  following  problem:  How  many  barrels  of  Portland  ce* 
ment  and  cu.  yds.  of  sand  will  be  required  for  laying  lOQ  cu. 
yds.  of  rubble  masonry  in  1:3  cement  mortar? 

From  Table  CVIII  it  is  seen  that  the  minimum  amount  of 
mortar  needed  per  cu.  yd.  of  masonry  is  .33  cu.  yd.  In 
Table  CIX  it  is  seen  that  1  cu.  yd.  of  1:3  cement  mortar 
requires  2  bbls.  of  cement  and  .9  cu.  yd.  of  sand.  There> 
fore,  .33  cu.  yd.  of  mortar  would  require  about  %  of  a  barrel 
of  cement  and  .3  cu.  yd.  of  sand.  Multiplying  these  quan* 
titles  by  100,  since  there  are  100  cu.  yds.  of  masonry  to  be 
laid,  the  result  is  67  bbls.  of  cement  and  33  cu.  yds.  of  sand. 

Amount  of  Water.  Allow  50  to  60  gallons  of  water  per 
cu.  yd.  of  stonework. 
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TABLE   CVIII 
Amount  of  Mortar  Required  for  a  Cubic  Yard  of  Masonry 


Kind  of  Mabonbt 


AflUar,  12  m.  oouraes,  ^  in.  joints 

AflUar,  18  in.  oounes,  ^in.  joints 

Ashlar,  12-to 20 in.  courses,  ^  to  ^  in.  joints. . 
Ashlar, 20 to  32 In.  courses,  ^  to  ^ in.  joints. . 
Brickwork  Qmnka  of  standard  Biae,  S}ixix2ii 

in.),  J^  in.  joints. 

}^  to  ^  in.  joints. 

H  to  $1  in.  joints 

Concrete,    dean   atone,    without    gravel    or 

screeiiingB« 

Rubble,  course,  not  dressed 

RubUe,  roughly  dressed 

Squared-stone  masonry,  12  in.  courses  and 

%  in.  joints 

Squared-stone  masonry,  18  in.  courses  and 

^  in.  joints. 


MOBTAB,  CU.  Yl>. 

Minimum 

Maximum 

.06 
.03 
.07 
.05    • 

.06 
.04 
.08 
.06 

.10 
.25 
.35 

.15 
.35 
.40 

.50 
.33 
.25 

.55 
.40 
.30 

.20 

.25 

.12 

.15 

TABLE    CIX 
Quantities  of  Materiala  per  Cubic  Yard  of  Cement  Mortar 


Proportions 

Materials 

Barrels 

Cement 

Sand, 

Cement 

Sand 

^Portland 

(Packed) 
Western 

Cubic 
Yard 

0 

7.1 

6.4 

.0 

1 

4.2 

3.7 

.6 

2 

2.8 

2.6 

.8 

3 

2.0 

1.8 

.9 

4 

1.7 

1.5 

.95 

5 

1.3. 

1.1 

.97 

6 

1.2 

1.0 

.98 
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TABLE  CX 
Safe  Bearing  Loads  on  Masonry 


Material 


Pounds  per 

Square  Indi 

of  Area 


^^^^\Sauared  stonework 

[Cap  stone 

Squared  stonework 

Rubble  stonework,  lime  mortar. . . . 

Rubble  stonework,  cement  mortar.. 

'Cap  stone 

Squared  stonework 

Rubble  stonework,  lime  mortar. . . . 
[Rubble  stonework,  cement  mortar. 


limestone 


700 
350 
350 
175 

80 
150 
600 
250 

80 
150 


BRICK    CONSTRUCTION 

Classification   of   Brick 

Bricks  are  classified  (1)  according  to  the  manner  of  mold* 

Ing;   (2)  according  to  the  place  they  occupy  in  the  kiln  dur- 

ing  burning;   and   (3)   according  to  their  shape  or  the  use 

to  which  they  are  to  be  put. 

(1)  When-  distinguished  according  to  the  manner  of 
molding,  bricks  are  named: 

Soft-mud  brick,  made  of  very  wet  mud; 

StlfT-mud  brick,  made  of  mud  with  less  water; 

Dry-pressed  brick,  made  of  clay  containing  4  to  6  per  cent, 
of  moisture; 

Re-pressed  brick,  made  by  re-forming  partially  dried  brick 
made  of  soft  mud,  or  brick  made  of  stifC  mud;  mostly  applied 
to  the  stiff-mud  product 

(2)  In  the  old-style  kilns  the  bricks  were  not  all  burned 
alike.  Those  adjacent  to  the  fire  were  over-done;  those 
farthest  away  from  the  fire  were  under-done;  and  only  the 
intermediate  portion  were  satisfactory.  This  condition  led 
to  the  adoption  of  the  names: 

Arch-brick,  or  those  forming  the  top  of  the  flring-plaoe  oi 
the  kiln. 

Soft  or  salmon  brick,  or  those  named  from  the  lack  of 
color  or  hardness. 

Body  brick,  or  those  taken  from  the  middle  of  the  kiln. 

Mercantile  brick  are  brick  well  burned,  but  not  graded 
as  to  color  or  degree  of  hardness. 

Hard  kiln-run  brick  are  meant  to  be  all  suitable  for  oa^ 
side  work. 
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In  the  kilns  of  modem  design,  the  heat  is  well  distributed 
throughout  the  whole  mass,  and  the  above  terms  are  not  now 
•80   appropriate   as  formerly. 

(3)  The  form  and  the  use  for  which  the  brick  are  in- 
tended, make  the  following  terms  suitable: 

Face  brick,  or  those  of  best  appearance  as  to  uniformity 
of  color  and  dimension,  and  thus  suitable  for  outside  walls. 
The  term  is  especially  used  to  designate  pressed  or  re- 
pressed brick. 

Ornamental  brick  are  nearly  always  made  by  the  dry- 
press  process;  and  this  is  the  name  given  to  all  brick  differ- 
ing from  the  standard  shape. 

Compass  brick,  or  those  having  one  edge  shorter  than 
the  other.  They  are  used  in  building  curves  on  which  the 
length  of  the  brick  is  a  part  of  the  circumference. 

Feather-edge  brick,  or  Voussoir  bricl<,  those  similar  to 
compass  brick,  but  having  one  edge  thinner  than  the  other. 
They,  also,  are  used  in  building  arches. 

Paving  brick,  or  vitrified  blocks,  usually  larger  than  ordi- 
nary bricks,  used  in  paving  streets. 

Sidewalk  brick  are  extra  hard-burned  brick  from  good 
clay,  or  small  paving  brick. 

Sewer  brick,  or  common  brick  of  better  grades,  so  reg- 
ular in  form  as  to  be  suitable  for  building  sewers.  They 
must  also  be  low  in  absorption. 


TABLE  CXi 

Thickness  of  Brick  Walls,  Chicago   Building   Ordinance,  for 

Residences,  Tenements,    Hotels,  and   Office   Buildings 

(Thickness  given  in  inches) 
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'Bricic  Building  Construction 

Table  CXI  indicates  the  required  thickness  of  brick  valls 
in  the  different  stories  of  residences,  tenements,  hotels,  and 
office  buildings,  according  to  the  Building  Ordinances  of  the 
City  of  Chicago,  lU. 

Table  CXIII  gives  a  summary  of  requirements  of  the 
Building  Ordinances  of  various 'cities  in  the  United  States, 
as  to  the  thickness  of  brick  walls  for  mercantile  buildings 
and  public  stables,  and  (except  in  Chicago)  for  all  buildings 
over  five  stories  in  height 

Table  CXII  may  be  taken  as  a  guide  to  the  proper  thick- 
ness, at  the  different  stories,  for  residence  walls  of  varjring 
height  and  length. 

TABLE  CXII 

Number  of  Stories  of    Different   Thicknesses   In    Resldenoft 
Walls  of  Various  Helghto  and  Lengths 
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^See  statement  on  page  375  as  to  the  method  of  can* 
siderlng  thickness  of  building  walls. 


TABLE  CXI II 
ThIckneM  of  Brick  Walls  for  Mercantile  Buildings  and  Publlo 
Stables,  and,  except  In  Chicago,  for  All  Buildings  * 
over  Five  Stories  In  Height 
(Thickness  given  In  Inches) 
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Sizes  and  Weights  of  Building  Bricks.  On  account  of  the 
variation  in  different  localities,  there  is  no  standard  size  of 
brick.  In  the  New  England  States,  the  size  of  a  brick  is 
about  7%  by  3%  by  2^  in.,  whUe  in  the  Western  States 
the  common  size  is  about  8^^  by  4^  by  2  in.  The  west- 
em  brick  giye  wall  thicknesses  of  about  9,  13,  18,  and  22  in. 
for  thicknesses  of  1,  1%,  2,  and  2%-in.  bricks.  A  hard-burned 
brick,  or  one  which  was  located  near  the  arch  of  the  kiln 
in  which  the  bricks  were  burned,  will  generally  be  from  ^ 
to  3/16  in.  smaller  than  one  of  the  softer  (or  salnnon)  bricks 
of  the  outer  layers  in  the  kiln. 

Pressed  bricks,  or  bricks  which  are  intended  for  use  In 
face  work  of  buildings  or  in  prominent  places,  are  generally 
more  uniform  in  size,  the  most  common  size  being  8%  by 
i%  by  2%  in.  A  form  of  pressed  brick  called  a  Ronnan  brick 
is  12  by  4  by  1%  in. 

The  sizes  adopted  by  the  National  Brickmakers'  Associa- 
tion in  1899  were  as  follows: 

Common  brick  8^x4    x2^  In. 

Face  brick 8%x4    x2%  In. 

Paving  brick    8^x4    x2^  in. 

Roman  brick   12    x4    xl^^  Ul 

Fire<:lay   brick    9    x4Hx2K  in. 
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The  sizes  of  enameled  brick  vary  from  the  English  size  of 
9x4^x3  in.  to  the  size  of  the  standard  American  brick. 

All  bricks  should  be  sorted  into  different  thicknesses  for 
first-class  work. 

The  weight  of  brick  varies  with  the  make  and  size.  A 
conmion  brick  will  weigh  from  4  to  4^  pounds,  while  pressed 
brick  weigh  from  5  to  5%  pounds.  Paving  bricks  weigh  from 
6  to  7  pounds  each;  and  fire-clay  bi^lcks,  about  7  pounds 
each. 

The  weight  of  brickwork  per  cu.  ft.  varies  both  with  the 
quality  of  brick  and  with  the  thickness  of  mortar  joints.  A 
fair  average  value  for  common  bricks  laid  in  lime  mortar 
is  about  120  pounds  per  cu.  ft.  When  laid  in  cement  mortar, 
1  cu.  ft  of  common  brickwork  weighs  about  130  pounds. 
Paving  brick  weigh  about  160  pounds  per  cu.  ft 

Some  authorities  consider  that  112  pounds  per  cu.  ft  la 
plenty  to  allow  for  the  weight  of  brickwork;  and  it  is  often 
stated  upon  that  basis,  that  the  weights  of  brickwork  per  sq. 
ft.  of  wall  surface  for  different  thicknesses  of  wall  are  as 
given  on  page  403.  The  terms  "9-inch  wall,"  "13-inch  wall," 
etc.,  may  be  used  in  some  localities  as  8-inch  wall,  12-lnch 
wall,  etc.,  figuring  the  wall  thickness  as  if  made  up  of  whole 
bricks  and  half-bricks. 

Safe  Bearing  Loads  on   Brickwork 

In  laying  brickwork,  the  lower  bricks  are  subjected  to  the 
weight  of  all  brickwork  above  the  lower  courses,  together 
with  weights  of  roof,  floors,  etc.,  and  should  be  figured  to 
see  if  their  strength  is  sufiacient  to  carry  these  pressures. 
Conunon  brick  in  lime  mortar  will  hold  about  100  lbs.  per 
sq.  in:;  when  laid  in  cement  mortar,  about  200  lbs.  per  sq. 
in.  Hard-burnt  and  paving  bricks  laid  in  cement  mortar  will 
hold  about  200  to  250  lbs.  per  sq.  in. 

Strength  of  Brick  Piers.  The  results  shown  in  Table  CXIV 
indicate  that  both  the  strength  of  the  individual  bricks  and 
that  of  the  mortar  are  factors  in  the  strength  of  columns. 
As  it  is  the  weakest  part  that  fails,  it  is  evident  economy 
to  have  the  strength  of  the  various  parts  nearly  the  same. 

Labor  in  Laying  Brickwork 
Since  the  price  of  labor  and  the  length  of  working  day 
vary  so  greatly  in  different  parts  of  the  country,  no  attempt 
will  be  made  to  give  absolute  prices  for  labor  in  laying 
brickwork.  Instead  of  actual  figures,  there  will  be  given  the 
number  of  bricks  that  an  average  workman  should  be  able 
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TABLE  CXIV 

Summary  of  Tests  of  Brick  Columns 

(Average  values) 


Ceaxactbristics  op 
CoLunva 


AvntAox 

OVIT-LOAI) 


JEUnow 
Stumotv 

OFOOLUm 
STBINOn 

opBbicol 


^PlU»HI»S 
STBBIpn  OF 
l*IE.MOSTiJt 

CuBn 


Ratio  or 
SnuovoTX 

OOUJIIKTO 
STSKMOni 

opCubbs 


SHALE  BUILPINO  BRICK 


A 

WeU  laid.  1:1    PorUand 
cement  mortar  67  days. . 

1165 

M 

•2.676 

1.17 

B 

WeU  laid.  I:S    PirtUnd 
cement  mortar  6  months 

S.M6 

.67 

C 

WeU  laid.  1:S    Portland 

SiTi^a^'dWsuff!: 

2.800 

.26 

D 

Poorly  laid.  l:a  Portland 
cement  mortar,  67  days. . 

2.020 

.27 

•2.876 

1.66 

e 

WeU  laid.  1:6    Portland 
cement  mortar.  86  days. . 

2.22S 

.21 

1.716 

1.86 

e 

WeU  laid.  1:S  ^Natural 
cement  mortar.  67  days. . 

1.750 

.16 

866 

6.7S 

Q 

Wi^l   laid.^  1:2      Ume 
mortar.  66  days 

1.450 

.11 

^:^ 

UNBURKED  CLAT  BRICK 


WeU  laid.  1:6    Portland 
cement  mortar,  63  days. 


.n 


•2.676 


^Average  value  based  on  13  tests  of  1:3  Portland  cement 
moftar  cubes  60  days  old. 


to  lay  in  a  given  length  of  time  on  a  stated  class  of  work. 
Knowing  local  rates  of  wages  and  hours  in  a  working  day, 
the  contractor  should  be  able  to  Judge  with  a  fair  degree 
of  correctness  as  to  the  probable  cost  of  the  work  in  hand. 

In  wall  construction!  there  are  generally  allowed  from  1 
to  1%  laborers  for  each  brick  mason.  These  men  provide 
the  mason  with  all  necessary  material,  and  leave  it  in  a 
place  convenient  for  use.  The  wages  of  these  laboring  men, 
added  to  the  wages  of  the  brick  masons,  and  divided  by  the 
number  of  thousand  brick  laid  in  the  wall  in  a  day,  would 
give  the  cost  of  laying  per  thousand. 

The  foUowing  Ust  of  different  types  of  work,  indicating 
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the  actual  number  of  bricks  that  can  fairly  be  expected  to 
be  laid  per  day  by  the  average  workman,  will  be  of  service 
in  estimating.     An  average  man  will  lay:  ' 
1,200  bricks  in  plain  wall  In  8-hour  day. 
2,000  bricks  in  heavy  work  in  8-hour  day. 
1,800  bricks  in  arches  in  9-hour  day. 
3,500  bricks  in  sewers  in  8-hour  day. 
7,000  bricks  in  pavements  in  10-hour  day. 
600  bricks  in  small  chimneys  in  9-hour  day. 
450  bricks  in  pressed  work  in  8-h6ur  day. 
400  bricks  in  veneer  work  in  8-hour  day. 

One  man  will  mix  mortar  by  hand  for  five  bricklayers. 

In  brick  veneer  work,  one  man  and  helper  will  lay  about 
600  common  brick  per  day,  or  from  300  to  400  pressed 
brick.  In  the  case  of  molded  or  fancy  brickwork,  one  man 
and  his  helper  will  lay  from  100  to  200  bricks  per  day,  de- 
pending on  the  design  of  the  work. 

In  fireplace  work,  one  mason  and  his  helper  will  lay  up 
about  2  ft.  per  day  in  case  of  average-size  fireplace  built  of 
plain  pressed  brick.  This  time  includes  placing  of  firebrick 
backing.  An  average  hearth  will  tkke  about  ^  day,  while 
a  tile  hearth  requires  about  1%  days.  Double  time  is  needed 
In  case  of  a  fancy  brick  fireplace. 

*  Cost  of  Brickwork 

Although  attention  has  been  called  to  the  fact  that  the 
cost  of  bricks  and  brickwork  will  vary  in  difTerent  locali- 
ties, the  following  prices  may  be  used  for  rough  estimates: 

Brick,  common,  $6.00  to  flO.OO  per  cu.  yd.  Cost  of  lime 
mortar  per  cu.  yd.  of  brickwork,  about  60  cents;  of  cement 
mortar,   $1.00  to  $2.00. 

On  the  basis  of  $7.25  per  thousand  for  red  brick,  $2.50 
per  barrel  for  cement,  $1.25  per  barrel  for  lime,  $1.25  per 
cubic  yard  for  sand,  assuming  a  mason  at  65  cents, per  hour, 
with  help  at  37%  cents  per  hour,  to  lay  1,200  bricks  in  8 
hours,  a  brick  wall  13  in.  thick  will  cost  about  40  cents  per 
superficial  foot  With  pressed  brick  face,  the  cost  will  be 
about  50  cents  per  superficial  foot 

For  close  figuring,  the  methods  given  below  in  detail 
should  be  followed: 

Measurement  of  Brickwork 
It  is  customary  to  estimate  brickwork  by  the  thousand 
brick  contained  in  the  wall.     As  many  parts  are  not  open 
to  inspection,  it  is  clearly  not   possible    to   determine   the 
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number  by  actual  count,  and  recourse  must  be  bad  to  meas- 
urement. 

The  methods  of  measuring  brickwork  in  walls  and  in 
construction  work  yary  with  different  contractors  and  in 
different  parts  of  the  country.  Many  use  a  rough  rule  of 
measuring  around  the  walls,  multiplying  this  measurement 
by  the  height,  and  then  multiplying  by  the  number  of  bricks 
contained  in  a  square  foot  of  wall  of  the  thickness  to  be 
used.  They  make  no  allowance  for  windows,  doors,  or  open* 
ings  of  any  kind,  of  an  area  less  than  about  80  sq.  ft,  since 
they  claim  that  the  labor  necessary  around  such  openings 
will  offset  the  saving  in  the  bricks  that  are  not  used. 

As  a  means  of  compensating  for  this  seemingly  large  esti- 
mate on  the  amount  of  brickwork,  some  contractors  do  not 
allow  extras  for  arches,  pilasters,  etc. 

If  deductions  are  made  for  openings  larger  than  80  square 
feet,  contractors  using  the  above  method  generally  measure 
the  width  as  2  ft.  less  than  the  actual  width.  A  rule  among 
some  contractors  is  to  figure  all  walls  as  solid,  and  then 
make  an  allowance  for  mortar. 

Another  method  in  common  use — ^and  one  which  seems 
to  be  a  little  more  rational  and  conservative,  while  not 
claiming  to  be  exact — ^is  to  measure  the  actual  wall  surface, 
deducting  all  openings  over  2  feet  square,  measuring  the 
comers  only  once  for  brick  walls,  and  then  multiplying  by 
7%  for  a  4-in.  wall;  by  15  for  an  8  or  94n.  wall;  by  22^ 
for  a  12  or  13-in.  wall;  by  30  for  a  16  or  18-in.  wall;  by  38 
for  a  20-in.  wall;  and  by  45  for  a  24-in.  wall.  The  results 
of  such  a  procedure  will  give  the  approximate  number  ot 
''eastern"  brick  in  the  wall.  Deduct  about  1/6  the  number 
if  "western"  brick  are  used.  Table  CXV  may  be  used  to  ad- 
vantage in  figuring  by  this  method. 

In  the  Western  States  the  terms  wall  measure  and  kiln 
count  are  often  heard.  "Wall  measure"  is  simply  a  common 
trade  rule  and  is  not  exact  Amounts  of  brickwork  are 
calculated  by  the  arbitrary  rule  of  22  V^  bricks  per  sq.  ft  of 
wall  surface  for  a  12-in.  wall  just  referred  to  and  as  shown 
in  Table  CXV.  This  method  is  often  insisted  upon  by  work- 
men as  the  basis  for  computing  labor  in  laying  brickwork. 
Contractors  often  use  this  method  of  estimating  number  of 
bricks  in  figuring  cost  of  brickwork,  and  then  do  not  figure 
for  cost  of  mortar;  allowing  the  extra  number  of  bricks 
figured  over  the  number  actually  needed  for  the  wall,  to 
take  the  place  of  the  cost  of  the  mortar  and  possibly  a 
part  of  the  labor.  If  bricks  were  ordered  by  this  rule, 
there  would  be  a  greater  number  than  needed  for  the  work. 
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TABLE  CXV 
Number  off  Common  Bricks  Required  for  Walls  off  Different  Thlcicnesees 


Surface  Area 

Number  of  Bricks  Needed  for  Thioknees-of 

ofWaU 
CBquare  Feet) 

4  Inches 

8  Inches 

12  Inches 

16  Inches 

20  Inches 

24  Inehfl9 

1 

7 

15 

23 

30 

38 

46 

2 

15 

80 

45 

60 

75 

90 

3 

23 

45 

68 

00 

113 

135 

30 

60 

90 

120 

150 

180 

88 

75 

113 

150 

188 

225 

45 

90 

135 

180 

225 

276 

53 

105 

158 

210 

263 

315 

60 

120 

180 

240 

300 

360 

68 

135 

203 

270 

338 

405 

10 

75 

150 

225 

300 

375 

460 

20 

^ 

300 

450 

600 

750 

900 

30 

450 

675 

900 

1.125 

1.360 

40 

800 

600 

900 

1.200 

1.500 

1.800 

X      W 

375 

750 

1.125 

1.500 

1.875 

2,250 

'     60 

450 

900 

1.350 

1,800 

2.250 

2,700 

70 

525 

1.050 

1,575 

2.100 

2.625 

3.160 

80 

600 

1.200 

1.800 

2,400 

3,000 

3.600 

90 

675 

1.350 

2,025 

2.700 

3,375 

4.050 

100 

750 

1.500 

2.250 

3,000 

3.760 

4.600 

200 

1,500 

3.000 

4.500 

6.000 

7,500 

9,000 

800 

2,250 

4.500 

6.750 

9.000 

11.260 

18,600 

400 

8,000 

$:$g 

9.000 

12.000 

16.000 

18,000 

600 

8,760 

11,250 

15,000 

18.750 

22.500 

600 

4.6T0 

9,000 

13,500 

18,000 

22,600 

27,000 

700 

5.250 

10.500 

15.760 

21,000 

26.260 

31.600 

800 

6.000 

12.000 

18.000 

24,000 

30.000 

36.000 

000 

6.750 

13.500 

20,250 

27,000 

33.760 

40.600 

1.000 

7,500 

15.000 

22,500 

30.000 

37.500 

46/XW 

'•Kiln  count"  means  the  actual  number  of  bricks  needed 
for  the  work,  or  the  number  to  be  purchased.  If  kiln 
count  Is  used,  mortar  will  have  to  be  figured  separately,  m 
no  allowance  is  made.  The  size  of  brick  should  always  be 
specified  in  figuring.  For  standard  bricks.  8^x4x2^  in., 
17  is  the  number  usually  estimated  as  occupying  1  sq.  ft 
of  12-in.  wall  when  joints  are  thick,  that  is.  between  %  apd 
%-in.,  or  18  when  ^-in.  Joints  are  used. 

Sometimes  the  actual  wall  contents  are  measured  in  cubic 
yarde  of  volume,  and  the  following  plan  used.  For  common 
brick  8*4x4x2%  in.  in  size,  allow  500  bricks  to  a  cu.  yd.  of  wall 
when  %4n.  mortar  joints  are  used.  In  work  where  thin  joints 
are^used— -as,  for  example,  in  fronts,  where  a  %-in.  joint  may 
be  used— it  is  better  to  figure  on  "about  580  bricks  for  a 
CO.  yd.  of  wall 
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When  asking  for  bids  on  work,  it  is  well  to  specify  Just 
how  the  measurement  of  the  quantity  shall  be  made;  and 
the  following  rule  is  often  recommended  as  fair  and  tending 
to   prevent  controversy: 

Divide  the  total  number  of  superficial  feet  of  wall  surface 
of  a  given  thickness  by  160,  and  multiply  the  result  by  the 
number  of  brick  widths  the  wall  Is  thick.  The  result  will  be 
the  number  of  thousand  of  brick  contained. 

This  rule  is  based  on  the  fact  that  a  4-in.  wall  contains 
about  1,000  brick  ,to  160  superficial  feet,  if  the  joints  De  ^  !n. 
thick. 

For  example,  a  12-in.  wall  40  ft.  long  and  20  ft  high  would 
contain   (40X20-r-160)X3=15  thousand  bricks. 

While  the  above  rule  gives  the  number  of  brick  to  be 
purchased  for  the  wall,  another  arbitrary  rule  for  the  pay- 
ment of  the  masons  is  sometimes  adopted: 

Count  714  bricks  for  each  superficial  foot  of  wall  for  each 
half-brick  (halMength  of  brick)  thickness  of  wall. 

In  the  same  example  as  above,  this  would  give 
40X20X7^^X3=^18  thousand  bricks  as  a  basis  of  payment  for 
the  labor. 

The  allowance  for  openings  is  not^  uniform  practice,  but 
may  be  fairly  well  established  by  custom  in  any  given  city. 
These  customs  must  be  consulted  in  letting  or  computing 
such  work. 

Hollow  walls  are  generally  flg^ired  as  solid. 

Arches  are  figured  from  the  spring;  and  pillars  or  ool* 
umns  may  be  figured  as  a  wall  of  length  equal  to  the  width 
and  height  of  the  pillar,  and  of  thickness  equal  to  the  third 
dimension  of  same. 

When  stonework,  such  as  sills,  caps,  etc.,  is  set  by  the 
brickmason,  no  deduction  is  made  for  same  in  figuring  brick- 
work for  walls.  The  same  conditions  apply  to  ashlar  work 
when  placed  by  the  bricklayers. 

An  allowance  of  5  or  6  per  cent  should  be  made  on  all 
figured  amounts  of  brickwork  to  make  up  for  loss  and 
breakage.  A  common  rule  in  fancy  bricklaying  is  to  add  50 
per  cent  to  the  figured  number  of  bricks,  or  allow  IH  bricks 
for  each  one  actually  estimated. 

A  method  of  measuring  footings  together  with  walls,  is  to 
add  the  width  of  the  projections  of  the  footing  on  each  side 
of  the  wall  to  the  height  of  the  wall,  and  figure  as  {ndicated 
above  for  an  ordinary  walL 
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TABLE    CXVI 

Number  of  Bricks  Required  in  Bricic  Piers 

(Standard  Size  of  Brick,  8^X4X2^  Inches) 


Number 

Number 

Number 

Siieof 

of  Bricks 

Siseof 

of  Bricks 

Siseof 

of  Bricka 

Pier 

per  Foot 

Pier 

per  Foot 

Pier 

per  Foot 

(Inches) 

of  Height 

(Inches) 

of  Height 

(Inches) 

of  Height 

sH^syi 

9 

22    x22 

62 

35    x52H 

238 

8}ixl3 

14 

22    x26H 

75 

39Hx39>^ 

200 

8Kxl7H 

19 

22    x30J4 

86 

39^x44 

224 

8}ix22 

23 

22    x35 

100 

39^x48 

244 

22    z39>^ 

112 

39J^52H 

268 

13    xl3 

22 

290 

13    xl7M 

29 

26)^^x26^ 

90 

13    xW, 

37 

26}'^x30}^ 

104 

44    x44 

250 

13    x26>^ 

45 

26)^x35 

120 

44    x48 

270 

26>|x39H 

134 

44    x52H 

296 

17Hxl7H 

40 

26Jix44 

150 

44    x57 

320 

17^x22 
17Hx26H 

50 

44    x61 

345 

60 

30Jix30H 

120 

17Hx30M 

69 

138 

48    x48 

296 

17Mx35 

79 

30HX39H 

154 

48    x52H 

324 

30^x44 

172 

48    x57 

350 

30^x48 

188 

48    x61 

376 

35    x35 

158 

48    x65H 

400 

35    z39H 

178 

35    x44 

198 

35    x48 

218 

If  using  western  brick,  size,  8^x4%x2^  in.,  deduct  1/5 
from  the  number  of  brick  indicated  in  Table  CXVL 
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In  figuring  the  number  of  bricks  needed  for  piers  of 
siderable  size,  and  where  the  bulk  pf  the  mortar  used  in  the 
Joints  will  prove  a  considerable  factor,  it  would  be  safer 
to  figure  the  cubic  contents  of  the  pier  in  cu.  ft.,  and  divide 
by  27  to  reduce  to  cu.  yds.  Then  apply  the  role  of  500  bricks 
to  a  cu.  yd.  as  already  given. 

Measurement  of  Old  Brick.  Old  brick,  imcleaned  and 
rough  from  the  building  and  dumped  in  a  pile,  will  average 
about  9  bricks  to  the  cu.  ft.,  or  about  111  cu.  ft  to  the 
thousand  brick.  If  stacked  on  the  outside,  and  the  interior 
of  the  stack  filled  promiscuously,  they  will  average  about 
11  bricks  to  the  cu.  ft,  or  about  91  cu.  ft  to  the  thousand 
brick. 

If  cleaned  and  closely  stacked,  an  average  will  be  about 
17  bricks  to  the  cu.  ft,  or  about  59  cu.  ft.  to  the  thousand 
brick.  If  the  bricks  are  cleaned  and  stacked  on  the  out- 
side, but  the  interior  of  the  pile  filled  promiscuously,  an 
average  will  be  about  13  bricks  to  the  cu.  ft,  or  about  77 
cu.  ft.  to  the  thousand  bricks. 

Mortar  for  Brickwork 

After  the  number  of  bricks  which  are  to  be  laid  is  esti- 
mated, the  amount  of  materials  needed  for  mortar  may  be 
found  from  Table  CXVII  and  from  the  statements  given 
below.  The  amount  of  sand,  lime,  or  cement  depends  on  the 
richness  of  the  mortar  and  the  thickness  of  the  joints. 

Table  CXVII  gives  the  necessary  amount  of  sand  and 
cement  to  lay  1,000  bricks  with  joints  about  %  inch  thick. 

TABLE    CXVII 
Mixing  Table  for  Mortar  for  Laying  1,000  Bricks 


lltmB 

Ume 

CvbigTabm 

Sia:::::::::::::::::::::::::::J:J 

1 
•• ••••■••••••••■ 

l2S8^.?r!!!!:^.:::::::::::::::i 

1.S 

M 

g!jn.?f""?::::::::::::::::::» 

1.5 

•#:!• 

POftlftUd  C6B6Bi •••••••■••  1 

fet.:::::::::::::::::::::::::::::l 

1 

4^4 



Stated  otherwise,  a  cu.  yd.  of  brick  masonry  with  H-ln* 
joints  requires  rather  more  than  %   cu.  yd.  of  mortar.     If 
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the  Joints  are  %  In.  thick,  ^  co.  yd.  of  mortar  will  be 
Bufflclent  to  lay  a  cu.  yd.  of  brickwork.  When  joints  are  only 
%  in.  thick.  %  cu.  yd.  of  mortar  will  be  required  to  a  cu.  yd. 
of  brickwork. 

A  barrel  of  lime  will  make  2^,  barrels  (or^.3  cu.  yd.)*  of 
lime  paste.  A  barrel  of  this  paste,  with  3  barrels  of  sand, 
will  make  3  barrels  of  lime  mortar.  A  barrel  of  unslaked 
lime  is  sufficient  for  6%  barrels  of  1:3  mortar. 

If  laid  in  1:2  cement  mortar  with  %-in.  joints,  1,000  brick 
will  require  about  1%  barrels  of  cement  and  2%  barrels  of 
sand.  With  ^-in.  Joints,  1,000  brick  will  require  about  1 
barrel  of  cement  and  2  barrels  of  sand. 

If  laid  in  1:3  cement  mortar,  with  %-in.  Joints,  1,000 
bricks  will  require  about  1  1/9  barrels  of  cement  and  Z% 
barrels  of  sand.  With  %-in.  Joints,  1,000  bricks  will  require 
about  %  of  a  barrel  of  cement  and  2%  barrels  of  sand. 

The  cost  will  vary  with  the  prices  of  above  materials 
in  different  localities. 

Colors  for  Lime  Mortar.  Mortar  colors  generally  are  pur- 
chased in  the  form  of  dry  powders.  These  powders  are 
mixed  first  wtih  the  dry  sand;  then  the  cold  slaked  lime  or 
putty  is  added,  and  the  mass  thoroughly  mixed  again.  Hot 
lime  should  not  be  used  when  mixing  colors. 

When  spread  Joints  are  used,  1,000  brick  will  require 
about  50  pounds  of  red,  brown,  or  buff  coloring,  or  about 
45  pounds  of  black.  If  buttered  joints  are  used,  1,000  brick 
will  require  about  40  pounds  of  red,  brown,  or  buff,  or  about 
35  pounds  of  black  coloring  material. 

Where  colored  mortar  is  to  be  used,  the  amount  of  col- 
oring wUl  depend  somewhat  on  the  shade  required,  and  it 
is  advisable  to  estimate  on  about  50  pounds  per  1,000  brick. 
The  coloring  material,  sand,  and  lime  should  all  be  carefully 
measured,  so  as  to  keep  the  same  proportions  throughout  the 
entire  work. 

With  the  cost  of  the  coloring  materials  and  the  extra  work 
of  mixing  and  measuring,  it  Is  estimated  that  colored  mortar 
on  small  Jobs  will  cost  from  |3.00  to  |4.00  extra  per  1,000 
bricks. 

Colored  Cement  Mortar.  Table  LXXXIV  gives  quantttles 
of  coloring  material  needed  for  Portland  cement  mortar. 

Number  of  Brick   In  a  Wall 
Table  CXV  will  be  of  service  in  detenninlng  the  number 
of  common  bricks  8%x4x2%  In.  in  size  which  are  needed  lor 
walls  of  ordinary  thickness. 
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For  example,  suppose  that  we  wish  to  find  from  the  table 
the  number  of  bricks  in  a  wall  125  ft  long,  15  ft  high,  and 
12  in.  thick.  This  wall  contains  125X15=1,875  square  feet 
For  1,000  sq.  ft.  of  12-in.  wall,  the  table  gives.... 22,500  brick 

For  800  sq.  ft 18,000  brick 

For  70  sq.  ft 1.575  brick 

For  5  sq.  ft 113  brick 


Total  1,875  sq.  ft  requires  total  of 42,188  brick 

This  same  method  can  be  applied  to  any  size  of  wall, 
by  simply  breaking  up  the  total  number  of  sq.  ft  In  the 
wall  into  parts  which  are  given  In  the  table,  and  then  add- 
ing these  parts  for  the  final  result  This  final  result  Is  in 
what  Is  called  "wall  measure,"  and  not  actual  number  of 
brick. 

It  should  be  noticed.  In  using  this  table,  that  the  thick* 
nesses  of  wall  are  given  in  multiples  of  4  inches,  or  the 
width  of  one  brick.  By  adding  the  thickness  for  mortar 
joints,  it  can  be  readily  seen  what  column  so-called  13-in. 
walls,  17  ^4n.  walls,  etc.,  will  fall  under. 

For  actual  number,  or  "kiln  count,"  multiply,  this  number 
by  17,  and  divide  by  22H. 

Short   Method   of  Estimating   Brick  for  Footings.     When 

"standard"   size   brick   8^x4x2^    in.,   are   used   in   footings 

with  offsets  of  2  ins.  for  each  course  used.  Table  CXVHI, 

based  upon  the  calculation  here  shown,  may  be  used. 

TABLE  CXV1II 

Number  of  Common  Bricks  In  Footings 


Tnomis  op  Wall 
(Uresis) 


NUMBSR  OF  BUVZS^ 
FOOT  01 


'  OF  Lesotv  : 
Foorufo 


s 

10 
M 


KH 


Fig.  37  shows  an  8-ln.  wall  resting  upon  a  footing  con- 
sisting of  2  courses  of  brick  laid  with  offsets  of  2  in.  There 
are  3H  bricks  shown  when  looking  at  the  end  of  this  foot> 
Ing.  If  we  stood  around  on  the  side  of  the  footing,  we 
should  see  the  ends  of  3  bricks  4  In.  wide  for  each  foot 
length  of  side  of  footing.  Multiplying  the  number  of  bricks 
shown  in  the  end  view,  by  the  number  shown  per  foot  of 
length  in  the  side  view,  we  have:  3^X3=10^  bricks  per 
foot  length  of  footing. 


MASONEY  CONSTEUCTION— BBICK  385 

With  other  thlclmesBes  of  wall,  thicker  footings  are 
needed;  but  the  same  plan  for  finding  number  of  bricks  per 
foot  length  of  footing  may  be  used. 

For  sizes  of  brick  other  than  that  on  which  Table  CXVIII 
is  based,  the  figures  there  given  will  be  varied  to  some  extent. 


^ 


-«|^ 


Fig.  37.     Brick  Footing  with  2-Inch  Offsets. 

Bricks  Required  for  a  Chimney 

If  it  is  desired  to  obtain  a  fairly  close  estimate  as  to  the 
number  of  bricks  necessary  for  a  plain  chimney,  one  of  the 
methods  described  below  may  be  used. 

If  it  is  figured  that  5  courses  of  brick  laid  in  ft  chimney 
will  make  1  ft  of  height,  taking  into  account  the  thickness 
of  the  mortar  Joints,  and  that  5  bricks  in  a  course  will 
make  a  flue  4X8  in.,  then  5X5=25  bricks  would  be  neces- 
sary for  1  ft.  of  height  of  a  chimney  with  a  4x8-in.  flue. 

For  a  flue  8x8  in.,  6  bricks  would  be  needed  in  each 
coarse,   or  30   bricks  for   1   ft   of  heighty 

For  a  flue  8x12  in.,  7  bricks  would  be  needed  in  each 
coursia,  or  35  bricks  for  1  it.  of  height. 

For  a  flue  12x12  in.,  8  bricks  would  be  needed  in  each 
course,  or  40  bricks  for  1  ft  of  height 

By  remembering  the  size  of  a  common  brick,  and  with 
the  aid  of  a  sketch  of  the  cross-section  of  the  flue  desired, 
no  matter  whether  it  is  a  single,  double,  or  triple-flue  chim- 
ney, the  above  method  of  figuring  the  number  of  brick 
needed  for  any  chimney,  square  or  oblong  in  section,  may 
be  used.  The  method  of  procedure  consists  in  finding  the 
number  of  bricks  necessary  to  enclose  the  area  desired, 
and  then  multiplying  by  5  to  get  the  number  of  bricks  per 
fbot  of  height  of  chimney. 

For  example,  suppose  it  is  desired  to  find  the  number 
of  bricks  needed  for  a  plain  chimney  25  ft  high  and  having 
2  flues  8x8  in.,  and  1  flue  8x12  in. 
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Lay  out  a  diagram  like  Fig.  88,  and  we  find  that  15 
brick^are  needed  for  a  course.  Then,  15X5=75  brick  needed 
per  foot  of  height  of  chimney,  figuring  6  courses  of  brick- 
work per  foot  of  length.  And,  75X25=1,875  brick,  the  ap- 
proximate total  number  needed  for  the  chimney. 

If  fancy  designs  are  used,  a  special  ^lowance  must  be 
made  for  the  same,  depending  wholly  upon  the  design  de- 
sired. 


Fig.  38.    Section  of  Brick  Chimney  with  Three  Flues, 

A  simple  method  of  figuring  for  single  flues  is  as  fol- 
lows: 

Find  the  number  of  cu.  ft.  in  the  chimney  by  multiplying 
the  area  (in  sq.  ft)  of  cross-sectlbn  of  the  chimney  con- 
sidered as  solid,  by  the  height  in  feet;  and  subtract  the  con- 
tents of  the  flues  as  indicated  in  the  following: 

For  an  8-in.  flue,  subtract  one-half  the  length  of  the  flue 
in  feet 

For  a  12-in.  flue,  subtract  the  length  of  the  flue  in  feet 

For  an  18-in.  flue,  subtract  2%  times  the  length  of  the  flue 
in  feet 

For  a  24-in.  flue,  subtract  4  times  the  length  of  the  flue 
in  feet 

Multiply  this  answer  by  22H>  and  the  result  will  be  the 
number  of  bricks  required. 

Table  CXIX  gives  sizes  and  weights  of  common  sizes  of 
flue-linings. 

Fire-clay  stove  thimbles  may  be  obtained  in  sizes  vary- 
ing from  4  to  12  in.  in  diameter,  and  from  4%  to  12  in. 
in  length.  These  thimbles  are  made  ^-in.  larger  than  meas- 
ure, to  receive  stovepipe. 

Table  CXX  shows  sizes  of  chimney  flues  for  different  sizes 
of  buildings. 

Square  tile  for  flue  linings  are  sized  and  listed  commer^ 
cially  from  outside  dimensions;  round  tile,  from  Inside  di- 
mensions. 
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TABLE  CXIX 

Approximate  Weights,  Dimeneions,  etc.,  off  Flre-Ciay  Rue-Linings 

Square  or  Round  Comers 
(In  two-foot  lengths) 


Outside 
Measure 

Weight 
per  Foot 

Outside 
Measure 

Weight 
per  Foot 

4Hx  8H  in. 
4Hxl3     in. 
4Hxl8     in. 
7Hx  7H  in. 
8Hx  S^  in. 

14  lbs. 
20  lbs. 
40  lbs. 

15  lbs. 
18  lbs. 

8^x13     in. 

83^x18     in. 
13    xl3     in. 
13    xl8     in. 
18    xl8     in. 

28  lbs. 
45  lbs. 
38  lbs. 
57  lbs. 
75  lbs. 

Round  Flues 
(Without  Sockets) 


Inside 

Weight 

Inside 

Weight 

Measure 

per  Foot 

Measure 

per  Foot 

6  in. 

15     lbs. 

20  in. 

87Hlbs. 

7  in. 

17}4lb8. 

21  in. 

Sin. 

20     lbs. 

22  in. 

•  • .  • 

9  in. 

25     lbs. 

24  in. 

125     lbs. 

10  in. 

27^  lbs. 

27  in. 

12  in. 

32>^lb0. 

30  in. 

220     lbs. 

15  in. 

55     lbs. 

33  in. 

18  in. 

70     lbs. 

36  in. 



TABLE  CXX 
Sizes  of  Flues  ffor  Buildings  of  Various  Sizes 


Capadty  of 

Tile,  Square 

Tile,  Round 

Building 

Brick 

(Outside 

(Inside 

(Cubic  Feet) 

Dimensions) 

Dimensions) 

Up  to  20,000 

8x12  in. 

8^x13  in. 

10  in. 

20,000  to  40,000 

12x12  in. 

13    xl3in. 

12  in. 

40,000  to  70,000 

12x16  in. 

13    xl8in. 

15  in. 

70,000  to  100,000 

16x16  in. 

18    xlSin. 

18  in. 

100,000  to  150,000 

16x24  in. 

150,000  to  260,000 

24x24  in. 

Table  CXXI,  compiled  by  Edward  Richmond  ^Pierce,  indi- 
cates the  approximate  sizes  of  chimney-flues  for  steam  and 
bot-water  heating  in  residences  and  other  buildings. 
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TABLE    CXXI 

Approximate   Sizes  of  Chimney   Flues  for  Steam  and    Hot^ 

Water  Heating  in  Residences  and  Other  Buildings 


DiBECT   BADIATIONf 

Size  OF 

Flue 

Steam 

(SQ.  Ft.) 

Wateb 
(So.  Ft.) 

Round 

SguAtt 

250 

400 

8iti.dlam« 

8x  8 

300 

500 

8in.diam. 

8x  8 

400 

700 

8in.diain, 

8x  8 

600 

850 

10  in.  dianu 

8x12 

600 

1,000 
1,260 

lOliLdiam. 

8x12' 

700 

10  in.  dianu 

8x12 

800 

1,350 

12in.dlaxn. 

12x12 

900 

1,500 

12in.  dianL 

12x12 

1,000 

1,700 

12  in.  diam. 

12x12 

1,200 

2,100 

12  In.  diam. 

12X12 

1,400 

2,400 

14  in.  diam. 

12x16 

1,600 

2,700 

14  in.  diam. 

12x16 

1,800 

3,000 

14  in.  diam. 

12x16 

2.000 

3,400 

14  in.  diam. 

12x16 

2,200 

3,700 

16  in.  diam. 

16x16 

3,000 

6,100 

16  in.  diam. 

16x16 

3,500 

6,900 

18  in.  diam. 

16x20 

5,000     ' 

8,500 

18  in.  diam. 

16x20 

tNote— When  a  considerable  amount  of  "indirect* 
radiation  is  to  be  used^  increased  boiler  capacity  is 
necessary;  and  in  many  cases  snch  demands  require  • 
larger  chimney- flue  for  the  same  number  of  square  feet 
of  radiation  used. 
HOW   TO    ESTIiMATE    BRICKWORK    FOR    A    RESIDENCE 

Figs.  39  to  43  show  elevations  and  plans  of  a  substantial 
modem  brick  dwelling-house  of  7  rooms,  with  bath,  reception 
hall,  and  basement  We  shall  now  endeavor  to  show  the 
method  of  procedure  to  be  followed  in  estimating  the  number 
of  bricks  needed  for  this  house. 

Two  methods  of  figuring  will  be  given — ^first,  the  wall 
measure,  or  number  of  bricks  on  which  estimate  of  cost  is 
figured,  in  which  connection  Table  CXV  is  used;  and  second, 
the  kiln  count,  or  actual  number  of  bricks  bought  and  used. 
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figured  on  a  basis  of  17  bricks  to  the  cu.  ft.  when  laid  in 
wall.  If  the  rule  of  500  to  the  cu.  yd.  is  used,  a  little  larger 
number  of  bricks  will  be  needed.  If  pressed  brick  is  figured, 
with  thin  joints  in  surface  work,  17  bricks  to  the  cu.  ft. 
will  be  a  little  low.  The  rule  of  580  to  the  co.  yd.  or  20  to 
the  cu.  ft  will  be  nearer. 


F(g.  39.     Estimating  for  a  Brick  House. 


We  shall  divide  the  work  into  parts: 

1.  All  brickwork  below  top  of  the  first-floor  Joists; 

2.  Brickwork  above  top  of  flrst-fioor  Joists; 

3.  Chimneys; 

4.  Deduct  all  openings  of  over  2  sq.  ft.,  and  all  stonework. 

Brickwork  beiow  Top  of  First-Fioor  Joists 
Footing.    The  length  around  the  foundation  wall  is  about 
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Fig.  41.    Estimating  for  a  Brick  House. 
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121  ft    Thickness  of  footings,  8  In.,  or  %  ft.;  width,  1  ft  10 
In.,  or  22  in.    Then  we  have: 

121X%=81  sq.  ft  of  wall  surface  in  footings. 
This  will  he  figured  under  the  20-in.  column  in  Tahle  CXV 
since  it  is  5  bricks  thick,  with  ^  in.  allowed  for  each  of 
4  joints. 

From  table  for  20-in.  wall, 

80  SQ.  ft=3,000  bricks 
1  sq.  ft=     38  bricks 


For  footings,      3,038  bricks 
Basement  Wall.    Wall  is  13-in.  thick,  and  7^  ft  high  to 
top  of  first-floor  joists.    Length  around  wall  is  121  ft 
121X7^^908  sq.  ft  of  wall  surface  in  basement 
From  table  for  12-in,  wall, 

900  sq.  ft=20,250  bricks 
8  sq.  ft=     180  bripks 


Total  for  basement,      20,430  bricks 
Deducting   the   following   window   space,    allowing   8    In. 
additional  width  to  windows,  and  10  in.  additional  depth  for 
size  of  frame  opening: 

1  space    36"x38''=l,368  sq.  in. 

1  space    54"x38"=2,052  sq.  in. 

2  spaces  32''x38''=2,432  sq.  in. 
1  space  44"x38"=1.672  sq.  in. 
1  space    40''z38''«1.520  sq.  in. 


Total,      9.044  sq.  in.. 
Dividing  this  by  144,  the  numoer  of  sq.  in.  in  a  iq.  ft: 
9.044 

=  63  sq.  ft  of  12-in.  wall, 

144 
which  from  the  table  is  equivalent  to  1,418  bricks. 
Also,  deducting  for  basement  door, 

3  ft  X  7  ft=21  s<f.  ft 
and  21  sq.  ft.  of  wall  surface  of  12-fn.  wall,  from  the  table, 
is  equivalent  to  473  bricks. 

Total  number  of  bricks  to  deduct  is: 
l,418-f473=l,891. 
Thus  we  have: 

20.430—1.891=18,539  bricks  needed  In  basement  walL 
Area-Way  Walls.     Two  walls  11^  ft  long  by  6  ft  high 
And  13  in.  thick. 

2Xll^X6a=138  sq.  ft  of  wall  surface. 
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Pig.  42.    Estimating  for  a  Brick  Houafl. 
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From  table  for  12-in.  wall, 

100  sq.  ft=2,260  bricks 

30  sq.  ft==!   675  bricks 

8  sq.  ft=:   180  bricks 

Total,        3,105  bricks  in  area-way  walls. 

Piers.    The  following  piers  are  called  for  by  the  plans: 
2  16-in.  square  brick  piers  at  front,  7  ft  high. 
2  16-in.  square  brick  piers  at  front,  4  ft.  high. 
2  13-in.  square  brick  piers  in  cellar,  7^  ft.  high. 
1  16-in.  square  brick  pier  at  rear,  4  ft.  high. 
1  8xl2-in.  brick  pier  at  rear,  4  ft.  high. 

Figuring  these  as  walls  either  12  or  16  in.  thick  as  the  case 
may  be,  we  have: 

7'X1%'X2=19  sq.  ft  of  wall  surface  in  2  piers,  16  in 
thick. 
From  table  for  16-iXL  wall» 

10  sq.  ft==300  bricks  » 
9  sq.  ft.^270  bricks 

Total,    570  bricks 
Also, 

4'X1%'X2=:11  sq.  ft  of  wall  surface  in  2  piers,  16  IXL 
thick. 
From  table  for  16-inch  wall, 

10  sq.  ft.=300  bricks 
1  sq.  ft=  30  bricks 

Total,    330  bricks 
Also, 

7%'X1'X2=15  sq.  ft  of  wall  surface  in  2  piers,  12  in. 
thick. 
From  table  fo.*  12-in.  wall, 

10  sq.  ft=225  bricks 
5  sq.  ft=113  bricks 

Total,    338  bricks 
Also, 

4'X1%'=5^  sq.  ft  (nearly)  of  wall  surface  16  in.  thick. 
From  table  for  16-in.  wall, 

5  sq.  ft=150  bricks 
H  sq.  ft=  15  bricks 

Total.    165  bricks 
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For  the  8xl2-in.  pier,  figure  It  as  a  wall  12  in.  thlcl^ 
ft  high,  and  %  ft  long: 

4'X%  =3  sq.  ft  (nearly)  of  wall  surface  12  in.  tbii^ 
From  table  for  12-in.  wall, 

3  sq.  ft=:68  bricks. 

Adding  together  the  various  totals  for  the  piers,  we  have: 

Total  number  of  bricks  in  piers=670+330+338+165+68= 
1,471  bricks. 

For  total  number  of  bricks  in  footings,  basement  walls* 
area-way  walls,  and  piers,  we  have: 

3,038+18,539+3,105+1.471=26,153  bricks. 
This  is  wall  measure^  and  not  actual  number  oi  bricks. 

If  the  actual  number  of  bricks  is  desired,  we  should  pro- 
ceed as  follows: 

Find  the  actual  cubic  contents  of  all  brickwork,  and  mul- 
tiply the  result  by  17 — ^that  is,  by  the  number  of  bricka  con- 
tained in  a  cu.  ft.  of  wall  with  ordinary  mortar  Joints. 

The  cubic  contents  will  be  figured  as  follows: 
Footings— 

12rx%'Xl%'=133  cu.  ft 
Walla— 

121'X7%'X1'=908  en.  ft 
Subtracting  (63+21)  Xl=84  cu.  ft  for  door  and  windows*  we 
have* 

90&-84=:824  CO.  ft 
Area-Way— 

11%'X6'X1'X2=188  cu.  ft 
Front  Pler^- 

rxi%'Xl%'X2=25  en.  ft 
4'X1%'X1%'X2=14  en.  ft 
Basement  Pler^- 

7%'xrxrx2=i6  on.  ft 

16-Inch  Pier  at  Rear— 

4'Xl%'Xl%'=7cn.tt 
8x12-1  nch  Pier  at  Rear — 

4'X1'X%'=2%,  or  8  OIL  ft 
Total  cubic  contents, 

133+824+138+25+14+15+7+3=1,159  cn.  ft 
Allowing  17  bricks  to  the  cubic  foot,  we  have: 

1,159X17=19,703  bricks 
as  the  actual  number  of  bricks  needed  below  the  first  fioor. 
If  we  wish  to  check  up  the  wall  measure,  which  was 
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SU53,  by  applying  the  rule  of  22^  bricks  per  co.  ft  of  wall, 
we  find: 

1,159X22^=26,078  bricks, 
which  Is  very  dose  to  t)ie  figure  found  by  the  use  of  Table 
CXV. 

Bricks  In  Walls  from  Top  of  Plrst-Floor  Joists  to  Roof 
Since  the  method  of  procedure  has  now  been  outlined,  we 
shall  go  directly  to  the  house  plans  for  our  dimensions  In 
e^h  case,  and  proceed  with  less  detalL 
Side  Walls— 

87  ftX13%  ft=600  sq.  ft 
fVom  table  for  84nch  wall, 

600  sq.  ft=7,600  bricks 
9  sq.  ft=  136  bricks 

Total,    7,636  bricks 
Multiplying  this  by  2  for  2  walls,  we  have: 

2X7,635=tl6,270  bricks. 
Add  for  gables  on  sides: 

22'Xirx%=121  sq.  ft. 

(Area  of  a  triangle  Is  equal  to  one-half  the  product  ob- 
tained by  multlplirlng  the  length  of  base  by  the  height) 
From  table  for  84nch  wall, 

100  sq.  ft=:l,500  bricks 

20  sq.  ft=   300  bricks 

1  sq.  ft=     16  bricks 

Total,    1,816  bricks 
Multiplying  this  by  2  for  2  gables, 

1,816X2=3,630  bricks 
Then, 

15,270+3,630=18,900  bricks. 
Deducting  openings  In  walls,   making  same   allowance  as 
before, 

1  space  36''X58''==2,088  sq.  In. 

2space8  28''X58''=:3,248  sq.  In. 

1  space  66''X76''=5,016  sq.  In. 

1  space  44''X62''=2,728  sq.  In. 


Total,    13,080  sq.  In. 
18.080 

-=91  sq.  ft  of  wall  surface. 


144 
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From  table  for  8-inch  wall, 

90  sq.  ft=l,350  bricks 
1  sq.  ft=:     15  bricks 


Total,    1,365  bricks 

Deducting  1,365  from  18,900,  we  have: 

18,900—1,365=17,535  bricks. 

This  is  wall  measure  for  the  side  walls  of  building. 

For  the  front  and  rear  end  walls,  the  figuring  will  be  done 
as  follows: 

End  Walls— Front— 

Deduct  thickness  of  side  walls,  which  has  already  been 
figured  in  in  getting  number  of  bricks  in  side  walls. 

20%'X1?%'=282  sq.  ft 
with  gable, 

%X22'Xir=121  sq.  ft 


403  sq.  ft 
Deducting  front  bay  window  opening  in  wall, 
12'X10'=msq.  ft 

283  sq.  ft 
Deducting  also  front  door  opening, 

3%'X7%'=  25  sq.  ft 

258  sq.  ft 

1  space,  24X40"=   960  sq.  in. 
1  space,  66"X62''=4,092  sq.  in. 

5,052  sq^  in. 

5,052 
=35  sq.  ft 

144 
258—35=223   sq.   ft 

Add  for  bricks  in  front  bay  window: 

Length  around  front  bay=14^  ft 
Height=10      ft 
14%'X10'=145  sq.  ft 
Deduct  window  openings, 

1  space  54"X76"=4,104  sq.  in. 

2  spaces  32"X76''=4,864  sq.  in. 


8,968  sq.  in. 


1 


MASONBY  CONSTBUCTION— BBICK  399 

8,968 


•     =62   sq.  ft 

144 
145 — 62=83  BQ.  ft.  of  wall  surface. 
Adding  223  sq.  ft.  of  surface  in  front  wall  and  83  sq.  ft.  in 
front  bay,  we  have: 

223+83=306  sq.  ft. 
From  table  for  8-incli  wall, 

200  sq.  ft.=3,000  bricks 

100  sq.  ft=l,500  bricks 

6  sq.  ft=     90  bricks 


Total,    4,590  bricks 
for  front  end  wall  of  house. 
Rear  Wall— 

20^'X13%'=282  sq.  ft; 
with  gable, 

%X22'X11'=121  sq.  ft 

403  sq.  ft 
Deducting  rear  bay  window  opening  In  wall, 
irxlO'=110  sq.  ft 

293  sq.  ft 
Deducting  also  rear  door, 

3'X7%'=  22  sq.  ft 

271  sq.  ft 
and  deducting  window  openings, 

1  space,  36"X70"=2,520  sq.  in. 
1  space,  38"X70"=2,660  sq.  in. 

5,180  sq.  in. 
5,180 

-=36  sq.  ft. 


144 

271 — 36=235  sq.  ft.  of  wall  surface. 
Add  for  bricks  in  rear  bay  window: 

Length  around  rear  bay=14  ft 
Height=  9  ft 
14'X9'=126  sq.  ft 
Deduct  window  openings, 

2  spaces,  28"X76"=4.256  sq.  in. 
1  space,  44''X76"=3,344  sq.  In. 

7,600  sq.  in. 
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=53  8q.  ft 

144 

126—68=73  sq.  ft 
Adding  235  sq.  ft.  of  surface  in  rear  wall,  and  73  sq.  ft  of 
surface  in  rear  bay,  gives: 

235+73=308  sq.  ft 
From  table  for  8-inch  wall, 

200  sq.  ft=3,000  bricks 

100  sq.  ft.=l,500  bricks 
8  sq.  ft.=   120  bricks 

Total,    4,620  bricks 
for  rear  end  wall  of  house. 

Total  Wall  Measure  above  First  Floor- 
Sides    17,535 

Front 4,590 

Rear   4,620 


26,745  bricks 
To  determine  kiln  count,  or  actual  number  of  bricks,  we 
may,  as  before,  find  the  actual  cubic  contents  of  the  walls 
above  the  top  of  the  first-floor  Joists,  and  then  multiply  by 
17.  Or  we  may  multiply  the  above  "wall  measure"  number. 
26,745,  by  17,  and  divide  by  22^6. 
26,745X17 

=20,207  bricks,  "kiln  count" 

22% 
As  a  matter  of  interest  and  as  a  check  on  the  work,  we 
shall  go  back  and  add  up  the  cubic  contents  of  the  walls 
above  the  top  of  the  first-floor  joists. 
From  the  previous  work. 

Side   walls,   sq.   ft.= (509 +121  )X  2=1,260 
Deducting  openings,  sq.  ft,        91 


1,169 
Front  wall,  sq.  ft,  306 
Rear  wall,  sq.  ft.,       308 

Total,    1,783  sq.  ft 
Multiplying  this  wall  surface  by  the  thickness,  8  in.  or  %  ft» 

1,783  X%'=1,189  cu.  ft 
Applying  the  rule  of  17  bricks  to  the  cu.  ft,  we  have: 

1,189X17=20,213  bricks,  "kiln  count," 
which  checks  approximately  with  the  previous  result 
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Chimneys- 
One  chimney  33^  ft  high.,  with  8xl2-ln.  flue: 
From  page  385  we  see  that  for  an  8zl2-in.  flue  35  bricks 
are  needed  for  each  foot  of  height: 

33MiX 35=1,173  bricks. 
One  chimney  33^  ft.  high  with  8x8-in.  flue: 
From  page  385  we  see  that  for  an  8x8-in.  flue  30  bricks 
are  needed  for  each  foot  of  height: 

33MiX 30=1,005  bricks. 
Total  for  2  chimneys: 

1,173-f  1,005=2.178  bricks. 
If  it  is  desired,  these  figures  may   be  checked  by  the 
chimney  rule  given  on  page  386. 

Adding  the  numbers  of  bricks  determined  from  the  pre- 
vious calculations,  we  find  that  the  following  bricks  are 
needed: 

Wall  Measure- 
Basement   and   footings 26,153 

Above  first  fioor 26,745 

Chimneys  2,178 

55,076 
Kiln  Count — 

Basement  and  footings 19,703 

Above  first  floor 20,207 

Chinmeys  2,178 


^ 


42,088 
A  nearer  approximation  may  be  reached  by  deducting  the 
volume  of  the  cut  stone  shown  in  the  plans.    The  walls  thus 
far  have  been  flgured  as  solid  brick,  with  no  notice  taken  of 
the  stone. 
Cut  Stone— Front  — 
Piers: 

14"X4"X30"=1,680  cu.  in. 
9''X4''X30"=1,080  cu.  in. 
Front  WaU: 

1  piece,  9"X4''X30"=1,080  cu.  in. 

1  piece,  6''X4"X30"=   720  cu.  in. 

1  piece,  6"X4''X30"=   720  cu.  in. 

1  piece,  12"X4"X30"=1.440  cu.  in. 

1  piece,  12''X4"X30"=1.440  cu.  in. 

1  piece.  9"X9"X30"=2,430  cu.  in. 

1  piece.  75"X4"X12"=3,600  cu.  in. 

1  piece,  51"X4"X12"=2,448  cu.  in. 
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51''X4''X12''=2,448  cu.  In. 
eO^XB^X  5''z=1.500  cu.  in. 
39''X5"X  5''=1,950  cu.  in. 
SO^XB^X  5"=  750  cu.  In. 
44"X5''X10''=2,200  cu.  In. 
72"X5''X  6''=1,800  cu.  in. 


32"X5"X  5"=  800  cu.  in. 
42"X5"X  5"=1.050  cu.  in. 
36">C5"X  5"=  900  cu.  in. 
66"X5"X  5"=1.650  cu.  in. 
36"X5"X  5"=  900  cu.  In. 
28"X5"X  5"=1,400  cu.  in. 
44"X5"X  5"=1.100  cu.  in. 
72''X4"X18"=5.184  cu.  in. 
54"/.4"Xl5''=3,240  cu.  in 
52''X4''X12"=2,496  cu.  in. 
42"..4"  (12"=2,016  cu.  in. 
48"X4"X12"=2,304  cu.  in. 

40"X5"X10"=2.000  cu.  in. 
38"  5"  X  5"=  950  cu.  in. 
36"X5"X  5"=  900  cu.  in. 
28"X5"X  5"=1.400  cu.  in. 
44"X5"X  5"=1.100  cu.  in. 
40"X5">C  5''=1,000  cu.  in. 
Adding  to  determine  the  total  volume  of  stonework,  we 
find  the  result  to  be: 

62,860  cu.  in. 
Dividing  this  by  1,728,  the  number  of  cu.  in.  in  a  cu.  ft: 
62,860 

=36  (nearly)  cu.  ft 

1,728 
By  the  rule  of  22^  bricks  to  the  cu.  ft,  we  should  deduct: 
22^X36=810 
bricks  from  the  "wall  measure"  of  55,076  bricks. 

Or,  by  the  rule  of  17  bricks  to  the  cu.  ft.,  we  should  de- 
duct: 

17X36=612 
bricks  from  the  "kiln    coimt,"    or    actual    number  used,  of 
42,088. 


1  piece. 

1  sill. 

2  sills. 

1  sill. 

1  sill. 

1  sill  (2d  story). 

1  flat  arch,  72"  X  4 

(Deduct  stone 

Side  Walls: 

1  sill. 

1  sill. 

1  sill. 

1  sill. 

1  sill. 

2  sills. 

1  sill. 

1  fiat  arch. 

1  fiat  arch. 

1  lintel. 

1  lintel. 

1  lintel. 

Rear  Wall: 

1  sill. 

1  sill. 

1  sill. 

2  sills. 

1  sill. 

1  sill. 
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,  This  would  leave  the  final  result  as  follows; 

Wall  Measure    54,266  bricks 

KlUi    count    41,476  bricks 

Allowing  5  per  cent  for  breakage  on  each  of  the  above 
amounts,  we  have: 

5 

54^66H X54,266s56,979  bricks 

100 
5 

41,476+ X 41,476=43,549  bricks 

100 
These  are  the  approximate  numbers  needed  according  to 
the   two   methods  of  figuring.     In   practice   these   numbers 
would  probable  be  treated  as  57  thousand  and  44  thousand. 

No  attempt  has  been  made  here  to  separate  the  various 
kinds  of  brick,  as  the  intention  is  to  show  the  method  of 
obtaining  the  number  of  standard  8^x4x2 ^-in.  bricks  which 
are  needed.  By  applying  the  same  methods,  the  number  of 
each  kind  of  brick  in  a  house  where  several  qualities  are 
used  may  be  found. 

On  large  Jobs  of  brickwork,  it  is  often  usual  for  the  con- 
tractor to  specify  a  minimum  size  for  the  bricks  so  as  to 
suard  against  losses  from  estimating  that  a  certain  number 
of  bricks  will  build  a  ceriain  number  of  cubic  feet  of  wall. 

Thickness  of  mortar  Joints  is  also  a  quantity  to  be  figured 
on  in  determining  actual  number  of  brick.  This  point  was 
referred  to  on  page  382. 

Data  Concerning   Brickwork 
The  weight  of  brick  walls,  at  112  pounds  per  cubic  foot,  is: 

9-in.  wall 84  pounds  per  superficial  foot 

13  "   "  121   "    "      "     " 

18  "   "  168   "    "      "     " 

22  *•   "  205   "    "      "     " 

26  "   "  243   "    "      "     " 

A  load  of  sand  or  mortar  is  a  cubic  yard. 
Sand  weighs  from  80  to  115  pounds  per  cubic  foot,  or  1 
to  1%  tons  per  cubic  yard. 

A  cu.  yd.  of  mortar  requires  a  cu.  yd.  of  sand,  and  equals 
30  hodfuls. 

No  8-in  brick  wall  should  be  over  14  ft.  in  height. 
Flemish  bond  costs  more  to  lay  than  plain  or  English 
bond. 

The  waste  of  brick  in  good  material  is  about  2  per  cent 
for  ordinary  work;  in  soft  or  salmon,  as  much  as  5  per  cent. 
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The  space  occupied  by  1,000  bricks  when  carefully  stacked 
ifi  about  66  cu.  ft 

It  is  often  estimated  that  a  bricklayer's  hod  will  hold  about 
20  bricks,  or  about  100  pounds  weight  This  type  of  hod  is 
generally  about  8  in.  on  a  side,  and  20  to  22  in.  in  length. 

A  mortar  hod  which  is  about  12  in.  on  a  side,  by  22  in. 
long,  will  hold  about  1/30  of  a  cu.  yd.  of  mortar. 

Walls  that  are  a  brick-length  thick  are  often  called  9-ln. 
walls. 

A  13-in.  wall  is  a  brick-length,  plus  its  width,  plus  the 
thickness  of  a  mortar  Joint 

A  17-in.  wall  has  a  thickness  equal  to  the  length  of  two 
bricks,  with  the  mortar  Joint 

Comparative  Cost  of  Frame  and  Brick  Construction 

The  question  of  comparative  costs  is  one  which  the  ooa- 
tractor  or  builder  often  has  to  face;  and,  unless  experience 
has  given  him  the  desired  knowledge,  he  is  often  troubled 
as  to  how  to  proceed  in  the  matter.  As  an  example,  we  shall 
show  an  approximate  method  of  determining  the  difPerence 
in  cost  between  an  ordinary  frame  residence,  the  same  size 
of  house  in  brick  veneer  construction,  and  the  same  in  solid 
brick. 

On  account  of  the  roof,  foundations,  floors,  windows,  doors^ 
all  interior  finish,  etc.,  being  practically  the  same  in  each 
house,  we  shall  confine  ourselves  to  a  comparison  of  the 
costs  of  the  walls  in  each  form  of  construction. 

In  the  brick  construction,  the  costs  of  stonework  such  as 
sills  and  lintels  will  have  to  be  added. 

If  stonework  is  used  for  porches  in  the  construction  of 
a  brick  house,  this  cost  also  will  have  to  be  added.  These 
prices  may  be  estimated  from  the  data  already  given  under 
"Cost  of  Stonework." 

The  difPerence  in  cost  of  plain  wail  construction  for  the 
three  forms  of  construction  is  approximately  as  follows: 

Frame  Construction 

(Per  square  yard  of  finished  wall  surface) 

Dimension  lumber,  8  ft  B.  M.,  at  4c  per  ft.  (in  wall) . . .  .$0.32 

Sheathing,  10  ft  B.  M.,  at  4c  per  ft  (4n  waU) 40 

Siding,  12  ft  B.  M.,  at  4^c  per  ft  (in  waU) 64 

Building  paper,  put  on,  per  yard 03 

Fainting,  two  coats,  per  yd 18 

Plastering,  three  coats,  per  yard • 26 

Total,  per  sq.  yd $1.73 
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Brick  Veneer  Construction 

(Based  on  cost  of  face  brick  at  $21.00  per  1,000) 

Dtmension  lumber,  8  ft.  B.  M.,  at  4c  per  ft.  (In  wall) . . .  .$0.32 

Sheathing,  10  ft  B.  M.,  at  4c  per  ft  (in  wail) 40 

Building  paper,  put  on,  per  yd 03 

63  face  brick,  at  S^^c  each  (in  wall) 2.21 

Plastering,  three  coats,  per  yd 26 

Total,  per  sq.  yd $3.22 

Solid  Brick  Construction 
(124n.  wall) 

63  face  brick,  at  3^c  each  (in  wall) $2.21 

126  common  brick,  at  $14  per  1,000  (in  wall) 1.76 

Furring  walls,  per  yard 06 

Plastering,  three  coats,  per  yd 26 

Total,  per  yd $4.29 

The  above  figures  will  give  a  fair  idea  of  the  comparative 
wall  costs.  Of  course,  the  percentage  of  the  total  cost  of 
these  different  houses  will  not  be  directly  proportional  to 
these  above  costs,  since  the  latter  are  only  a  part  of  each 
total.  By  adding  to  each  one  of  these  the  cost  of  floors, 
root  interior  finish,  etc.,  divided  by  the  total  number  of 
square  yards  of  wall  surface,  we  would  then  be  in  a  position 
to  give  a  comparative  estimate  on  the  total  cost  of  the  forms 
of  construction.  This  percentage  of  the  total  cost  is  often 
figured  as  being  20  to  25  per  cent  greater  for  veneer  con- 
struction than  for  the  frame,  and  about  40  per  cent  greater 
than  the  frame  for  the  solid  brick  construction. 
BRICK  CISTERNS 

Table  CXXII  will  be  found  of  service  in  estimating  the 
number  of  bricks  required  in  circular  brick  cisterns  with 
open  tops.  If  an  arched  top  is  used,  the  number  of  JEidditional 
bricks  required  may  be  estimated  by  determining  the  number 
of  square  feet  of  top  of  a  given  thickness,  and  then  using 
Table  CXV  for  walls. 

In  the  excavation  part  of  Table  CXXII,  6  in.  has  been 
added  to  the  outside  diameter  of  brickwork,  in  order  to  pro- 
vide plenty  of  room  for  laying  bricks. 

To  use  Table  CXXII,  multiply  the  number  of  bricks  in  col- 
umn corresponding  to  the  diameter  and  thickness  of  wall 
desired,  by  the  depth  of  the  cistern;  and  add  the  number 
required  for  the  bottom.  To  reduce  the  capacity  of  the  cis- 
tern to  barrels,  divide  contents  in  gallons  by  31.6. 
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TABLE   CXXII 

Number  of  Bricks  Required  for  Cisterns  per  Foot  of  Height 

of  Wall 


Inside 
uneter  of 
stem,  in 
Feet 

2^"s 
III 

lis 

imber  of 
ricks  in 
lorn,  Laid 
Flat 

l|| 

III 

a 

^>A 

52 

jgma 

^"1 

l^g 

a«« 

4 

4 

84 

50 

12.5 

12.5 

94 

21 

4 

8 

180 

50 

12.6 

12.6 

94 

27 

5 

4 

104 

80 

16.7 

19.6 

147 

30 

6 

8 

220 

80 

16.7 

19.6 

147 

87 

6 

4 

124 

110 

18.8 

28.2 

212 

40 

6 

8 

260 

110 

18.8 

28.2 

2U 

48 

7 

4 

146 

164 

22.0 

38.4 

288 

62 

7 

8 

300 

154 

22.0 

38.4 

288 

62 

8 

4 

165 

200 

25.0 

60.0 

876 

66 

8 

8 

340 

200 

25.0 

60.0 

876 

76 

0 

8 

400 

265 

28.2 

63.6 

476 

92 

0 

12 

610 

256 

28.2 

63.5 

476 

104 

10 

8 

460 

812 

31.4 

78.5 

688 

110 

10 

12 

672 

312 

31.4 

78.6 

588 

122 

11 

12 

736 

380 

34.6 

95.0 

711 

143 

12 

12 

800 

450 

37.6 

113.0 

846 

165 

13 

12 

866 

530 

40.8 

133.0 

992 

18H 

14 

12 

924 

616 

44.0 

154.0 

1152 

216 

16 

12 

990 

705 

47.0 

176.0 

1322 

240 

16 

12 

1050 

800 

50.0 

200.0 

1504 

270 
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Rectangular  cisterns  may  be  figured  by  determining  the 
number  of  sq.  ft.  of  wall  surface  and  the  thickness  of  wall, 
then  determining  the  number  of  bricks  from  Table  CVX. 

The  size  of  a  rectangular  cistern  for  a  given  capacity  may 
be  found  from  Table  CXXIV.  The  dimensions  given  are  for 
inside  measurements  of  cistern. 

PRESSED  CEMENT  BRICK 
Table  CXxIlI  will  be  found  useful  in  estimating  the  quan* 
titles  and  cost  of  materials  required  for  the  manufacture  of 
pressed  cement  brick. 

TABLE   CXXill 
Material  Required  for  1,000  Pressed  Cement  Brick 


Puts  of  tand  toOMOf 

Cement.  *  Mmd**(n6' 

pounds  net) 

Cement.  poandA....^.... 
Sand.  en.  yd.  (basis  of 

110  lba.cn.  ft.) 

Coot  of  materials. n- 

Qulred  per  1.000  brick. 

at  prices  below  for  ea- 
.    meat  and  sand....... 

i  Local  cost  of  Portland 
cement  per  bansL. . . . 
Local  cost  of  sand  per 
cable  yard 


0.80 
2.400 


4.25 
1.010, 


1.10 


8. 

1460. 

1.10 


2.5 

010. 

1.22 


2. 

750. 

1.25 


1.5 
048. 

1.29 


.7. 

1.40 
502. 

1.82 


In  the  above  table,  the  cost  spaces  (per  1,000  brick)  are  left 
vacant  so  that  they  may  be  filled  in  by  the  contractor  or  builder 
for  his  own  locality. 

For  example,  if  a  1:3  brick  is  desired,  with  cement  at  $1.20  per 
barrel,  and  sand  at  $1.00  per  cubic  yard,  the  above  table  shows  that 
approximately  3  barrels  of  cement  and  1.16  cubic  yards  of  sand  will 
be  needed.  Therefore  the  approximate  cost  per  1,000  bricks  will  be: 

3  X  $1.20  +  1.16  X  $1.00  =  $4.76 
FIRE   BRICK 

Fire  brick  are  a  special  form  of  brick  which  are  used  in 
places  where  high  temperatures  are  common.  A  common  in* 
stance  is  in  the  lining  of  furnaces  or  fire-boxes  under  boilers, 
or  as  a  backing  and  side  walls  in  fireplaces.  The  common 
size  for  fire  brick  is  9x4^x2^  in. 

Since  the  common  use  of  fire  brick  is  practically  limited 
to  places  where  they  are  exposed  to  great  heat,  they  should 
be  laid  in  a  mortar  made  from  fire  clay. 

Although  fire  clay  in  itself  does  not  have  the  holding  prop- 
erties of  a  lime  or  cement  mortar,  and  is  really  used  to  fill 
up  irregular  spaces  between  the  fire  bricks,  the  addition  of 
a  small  amount  of  lime  (about  1  part  in  100  by  volume),  when 
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Fig.  44.    Tubular  Boiler  In  Brick  Setting. 

TABLE  CXXV 
Materials  Required  for  Brickwork  of  Tubular  Boilers 

(Boilers  with  Full  Fronts- Single  Setting) 


BoOetB 


CODUQOO 

Fire 

Sand 

Cement 

Fire  Clay 

Brick 

Biiok 

Bushels 

(Bbls.) 

Pounds 

%m 

820 

42 

5 

102 

$J00 

S20 

45 

SH 
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6.200 
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5e 

6 

288 

6.e{>D 
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58 
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288 

7.000 
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288 
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JZJOO 

720 

80 
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00 
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1I.20O 
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18 

14H 

500 

]5.^O0 

OSfr 

24 

ISH 
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]M00 

1«150 

08 

llll 
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3I&00 
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17 

15 
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16  000 

IJ50 

IS 

690 

13SO0 

1,280 

06 

}S$ 

768 

iMm 

1 280 

18 

768 

18.100 

1.280 

28 

n 

768 

17.400 

1.280 

40 

17H 

768 

1^.700 

1*280 

48 

J8\ 

768 

li^.700 

I^IOO 

£7 

103V 

840 

£I0>)0 

1.400 

21 
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^O.HOO 

IJ^ 

.66 

30^ 

090 

^2.000 

1.650 

176 

22 

880 
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mixing  the  paste  or  mortar  for  laying  the  bricks,  will  form 
a  Titrifled  bond  between  the  bricks,  thereby  holding  them 
In  place.  A  final  coat  of  thin  fire  clay  is  brushed  onto  the 
work,  and  a  gentle  heat  applied  to  drive  out  moisture,  before 
subjecting  to  high  temperatures. 

It  is  claimed  that  about  700  pounds  of  fire  clay  are  needed 
for  1,000  fire  brick.  The  cost  of  fire  clay  is  approximately 
as  follows:  Dry  powder,  $1.50  per  ton,  delivered  on  cars; 
calcined  fire  clay,  $3.00  to  $4.00  per  ton. 

For  puddle,  $1.50  per  cu.  yd.,  delivered. 
BOILER  SETTINGS 

Figs.  44  and  45  show  the  ordinary  forms  of  boiler  set- 
tings. That  shown  in  Fig.  44  is  for  the  ordinary  form  of 
tubular  boiler  with  what  is  known  as  a  full  front,  or  a  cast- 
iron  front  which  extends  the  full  width  of  the  boiler  and 
from  the  floor  to  the  top  of  the  brick  setting. 

Table  CXXV  gives  an  estimate  of  the  materials  required 
for  various  sizes  of  tubular  boilers  with  full  fronts. 

Fig.  45  shows  an  ordinary  form  of  horizontal  tubular 
boiler,  with  firebox  in  front  end.  This  form  of  boiler  is  used 
quite  extensively  for  heating  purposes. 

Table  CXXVI  gives  approximate  number  of  brick  required 
for  8-ln.  and  12-in.  walls. 

BRICK  SEWERS 

See  Sewers  and  Conduits. 

BRICK   PAVING 

See  Roads  and  Pavements.^ 

TILE  WORK 

Table  CXXVH  gives  not  only  the  shape  and  size  of  many 
of  the  common  tiles,  but  also  the  number  of  each  kind  re- 
quired to  fill  exactly  one  sq.  ft.  of  space.  An  allowance  of  a 
small  number  should  be  made  for  breakage  and  losses. 


Fig.  46.    Section  of  Tile  Floor  Laid  on  Wood  Joists. 


For  example,  if  we  have  a  section  of  tile  wainscoating  8 
ft  long  and  5  ft  high,  composed  of  oblong  white  tiles  6x1^ 
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TABLE    CXXVI 

Number  of  Brick   Required  for   Firebox  Boilers 
(Single  SetUng) 


Boaer 

8-in.  Walla 

12-in.  Walla 

30in.x  6Hft. 
30m.x  7Hft. 

1,650 

2,400 

1,820 

2,600 

30m.x   8Hft. 

1,980 

2,900 

36in.x  7j|ft, 

2,250 

8,200 

36  in.  X  9     ft. 

2,500 

8,600 

36  in.  X  10^  ft. 

2380 

4,000 

42in.x   S^ft. 

2,880 

4,000 

42  in.  X  10     ft. 

3,400 

4,500 

42in.xllHft. 

3,900 

5,100 

48in.xlOHft. 

3,600 

4,900 

48  in.  X  12     ft. 

3,850 

5,400 

48in.xl3Hft. 

4,200 

5300 

54  in.  X  14     ft. 

5,200 

6,900 

54  in.  X  16H  ft. 

5.500 

7.500 

in.  in  'size,  and  a  border  along  the  top  made  from  blue  and 
white  triangular,  or  diagonal,  tile  6x6  in.  in  size,  to  find  the 
number  of  tiles  needed  for  this  piece  of  work,  we  proceed  aa 
follows: 

The  area  to  be  covered  by  the  oblong  tiles  is  8  ft.  long 
and  414  ft  high. 

8X4H=:36  sq.  ft 
There  are  144  sq.  in.  in  one  sq.  ft;  therefore, 
36Xl44r=5,184  sq.  in.' 

Now,  since  1  oblong  tile,  size  6x1^  in.  contains  6X1^=9 
sq.  in.,  the  exact  number  of  tiles  needed  for  the  part  8  ft 
long  below  the  border.  Is: 
5,184 

=676  tiles. 

9 
Better  make  this  600,  to  allow  for  loss  and  breakage. 

Now  that  we  have  seen  the  principle  involved  in^is  cal- 
culation, we  shall  explain  the  method  of  using  Table  CXXYIt 
and  see  if  the  results  check  in  value.  From  our  figures  above 
we  have  36  sq.  ft  below  the  border.  This  space  is  to  be 
filled  with  6xlH-ln*  tiles.     From  the  table,  the  number  of 
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TABLE    CXXVII 

Number  of  Tiles  Required  per  Square  Foot  of  Area  to  be 

Covered  ' 
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6xlV6-in.  oblong  tiles  which  are  necessary  to  cover  one  sq. 
ft  of  surface  is  16.    Therefore, 

36X16=576  tiles  required. 

This  result  checks  with  our  first  figures. 

For  the  border  of  diagonal  tiles,  we  have  an  area  8  ft 
long  by  V6  ft  high  which  is  to  be  filled. 

8X%=4sq.  ft 

From  the  table  (second  line  from  top),  we  find  that  we  shall 
need  8  diagonal  6x6-in,  tiles  per  sq.  ft.     Therefore, 

4X8=32  tiles  required  for  border. 

Better  make  this  40,  to  allow  again  for  loss  and  breakage. 
This  would  mean  20  blue  and  20  white  diagonal  tiles. 

This  same  principle  may  be  usedjn  figuring  other  siseB 
of  walls,  and  in  using  other  sizes  of  tiles. 


Steel  Construction 

GENERAL  ANALYSIS  OF  STEEL  COSTS 

An  Itemized  review  of  costs  in  steel  structural  work  com« 
prises  the  following  headings: 

(a)  The  weights  of  the  various  standard  sections  used 
in  the  main  members. 

(b)  The  weights  of  different  kinds  of  sections  and  ma- 
terials used  in  the  details  of  fittings,  such  as  connection  angles, 
separators,  plates,  tie-rods,  etc. 

(c)  The  co3ts  of  each  of  the  above,  taking  careful  note 
of  extra  charges  for  sizes  other  than  base,  extras  for  work 
done  on  the  material  at  the  mill,  and,  extras  for  small  quanti- 
ties of  a  given  material. 

(d)  Any  extra  shop  costs  in  preparing  material  for  erec- 
tion. 

(e)  Cost  of  shop  painting. 

(f)  Cost  of  erecting,  or  putting  material  in  place  in 
structure. 

(g)  Cost  of  finish  on  material. 

(h)  Miscellaneous  costs,  such  as  drafting  room  expenses, 
freight  and  haulage,  traveling  expenses,  profit,  etc. 

In  making  up  the  estimate  of  cost  of  material  in  the  main 
members,  the  sizes,  lengths,  and  weights  per  foot  of  length 
may  be  taken  directly  from  the  general  drawings,  and  then 
the  cost  determined  as  detailed  under  c,  above. 

Sizes  and  weights  of  details  may  be  determined  from  the 
details  drawings,  each  kind  or  shape  of  material  being  listed 
separately,  and  an  addition  of  1.55  cents  made  to  the  base 
price  of  each  for  each  100  pounds  as  referred  to  on  page 
425  under  heading  of  "Mill  Extras."  Standard  connections 
and  separators  for  use  with  I-beams  and  channels  may 
be  purchased  from  the  various  steel  companies,  who  issue 
tables  giving  sizes  and  weights  to  be  used  in  figuring  these 
products. 

In  estimating  the  cost  of  riveted  girders  or  columns,  the 
weight  of  the  plain  structural  shapes  and  plates  of  which  the 
member  is  made  up  is  taken;  and  then  an  extra  price  per 
pound  is  added,  to  cover  the  cost  of  mill  work,  rivets,  and 
assembling.  According  to  Mr.  Frank  E.  Kidder,  this  extra 
wlU  be  about  as  follows: 
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Light  channel  or  Z-har  columns l^c  per  lb. 

Heavy  channel  or  Z-bar  columns l^c  per  lb. 

Plate  girders,  24  to  48  Inches  deep l^c  per  lb. 

Boz< girders,  24  to  48  inches  deep l^c  per  lb. 

Box  girders,  48  to  60  inches  deep 1  1/1  Oc  per  lb. 

A  list  of  extras  to  be  added  to  the  price  of  plain  beams 
and  channels  is  given  on  page  425.  These  are  commonly  re- 
ferred to  as  mill  extras. 

COST  OF  STEEL  STRUCTURES 

In  bidding  on  a  structure,  the  bid  may  be  for  a  lump  sum 
to  complete  the  work,  or  for  so  much  per  ton,  or  for  so  much 
per  pound.  In  any  case,  the  contractor  will  not  directly  esti- 
mate it  that  way  himself.  He  will  take  into  account  and 
figure  on  the  ten  or  twelve  costs  which  go  to  make  up  the 
total,  and  will  then  transform  them  into  the  lump  sum  bid  ox 
the  unit-price. 

Raw  Material  and  Mill  Work 

The  raw  material  means  the  various  shapes  Just  as  they 
come  from  the  rolls.  These  vary  in  price  in  different  years, 
and  at  different  periods  of  the  year.  They  also  vary  In  price 
according  to  the  size  and  kind  of  shape.  Since  these  varia- 
tions in  price  are  due  chiefly  to  the  varying  costs  of  ore  and 
cast  iron  or  billets,  there  is  a  certain  price  for  various  shapes 
called  base  price;  and  to  this  must  be  added  the  so-called 
card  extras  for  a  particular  shape,  in  order  to  get  the  price 
per  pound  for  that  particular  shape. 

The  base  price  will  be  found  in  standard  trade  papers 
covering  the  steel  structural  field.  The  card  extras  are  issued 
at  certain  intervals  by  the  manufacturers,  and  can  be  had  for 
the  asking.  Any  dealer  in  hardware  can  get  you  one.  Some- 
times one-half  the  card  extras  are  to  be  added  to  the  base 
price.  For  example,  suppose  the  base  price  was  1.87 Vi  cents 
per  pound,  and  the  card  extra  for  24-inch  I-beams  was  0.10 
cent  The  price  for  24-inch  I-beams  would  be  1.87^ +0.10= 
1.97  V6  cents  per  poimd. 

In  cutting  material  in  the  mills,  a  %-in.  variation  is  allowed. 
That  is,  if  you  order  a  plate  18  ft  7%  in.  long,  it  may  come  to 
you  18  ft  7%  in.  long,  or  18  ft  1%  in.  long.  So,  in  ordering 
material,  it  is  ordered  longer  than  the  finished  length,  in 
order  that  it  will  be  correct  if  the  mills  happen  to  cut  it 
%  inch  shorter.  If  longer  than  the  ordered  length,  it  can  be 
cut  again  after  it  reaches  the  shops. 

Nq  shop  work  will  be  done  on  angles  and  plates  at  the 


STEEL  CONSTRUCTION  417 

mills,  but  they  will  do  a  certain  amount  on  I-beams  and 
channels.  The  work  they  will  do  on  I-beams  and  channels 
is  punching  the  same  or  different-sized  holes  In  various  parts, 
cutting  and  bending,  and  painting  and  fitting  connection 
angles  on  the  ends.  It  Is  often  cheaper  to  have  the  mills  do 
such  work  as  the  above,  and  then  have  the  material  shipped 
directly  to  the  site  of  the  proposed  structure,  thus  saving 
some  freight  and  all  handling  at  the  shops. 

The  mills  Issue  cards  stating  the  cost  for  performing  the 
different  operations  as  given  above.  This  cost  Is  In  cents 
per  pound  of  beam  worked  upon.  It  costs  Just  as  much  to 
have  one  hole  punched  In  the  web  of  a  20-ln.  65-pound  I-beam 
30  feet  long,  as  It  would  to  have  1.000  holes  punched.  A 
beam  such  as  the  above  weighs  65X30=1,950  pounds;  and  It 
costs  15  cents  per  hundred  pounds,  or  19.5X15=:$2.93,  to 
punch  as  many  holes  as  are  wanted  In  the  web  of  that  beam. 
The  card  showing  these  extras  and  their  cost  may  be  had  by 
addressing  any  rolling  mill  company.  The  cost  varies  from 
15  cents  to  11.56  per  hundred  pounds,  according  to  the 
amount  of  work  done. 

Cost  of  Material 

The  following  prices  taken  from  "Iron  Age,"  July,  1913, 
will  give  an  Idea  of  the  variation  In  the  cost  of  steel  and  iron 
In  some  of  their  different  forms  as  used  In  construction 
work,  and  also  of  the  change  In  price  due  to  size  or  peculiari- 
ties of  manufacture.  It  Is  advisable  for  every  contractor  to 
obtain  the  card  spoken  of  on  page  416,  so  that  he  may  con- 
fine himself  to  what  are  termed  base  sizes  wherever  possible. 

Finished  Iron  and  Steel  f.  o.  b.  Pittsburgh 

Freight  rates  from  Pittsburgh  In  carloads,  per  100  lbs.; 
New  York,  16c.;  Philadelphia,  15c.;  Boston,  18c.;  Buffalo, 
lie;  Cleveland,  10c. ;  Cincinnati,  15c.;  Indianapolis,  17c.;  Chi- 
cago, 18c.;  St.  Louis,  22%c.;  Kansas  City,  42%c.;  Omaha, 
42^c.;  St.  Paul,  32c.;  Denver,  84%c.;  New  Orleans,  30c.; 
Birmingham,  Ala.,  45c.;  Pacific  Coast,  80c.  on  plates,  struc- 
tural shapes,  and  sheets  No.  11  and  heavier;  85c.  on  sheets 
Nos.  12  to  16;  95c.  on  sheets  No.  16  and  lighter;  65c.  on 
wrought  pipe  and  boiler  tubes. 

Structural  Material.  I-beams,  3  to  15  In.;  channels,  3  to 
15  in.;  angles,  3  to  6  in.  on  one  or  both  legs,  %  In.  thick  and 
over,  and  zees,  3  in.  and  over,  1.45c.  to  1.50c.  Extras  on  other 
shapes  and  sizes  are  as  follows: 
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Cents  per 
Extras  100  lbs. 

I-beams  over  15  In « 10.10 

H-beams  over  18  in.    10 

Angles  over  6  in.  on  one  or  both  legs JIO 

Angles,  3  in.  on  one  or  both  legs,  less  than  %  in.  thick 

as  per  steel  bar  card,  Sept.  1,  1909 70 

Tees,  structural  sizes   (except  elevator,  hand  rail,  car- 
truck  and  conductor  rail) .05 

Angles,  channels  and  tees,  under  3  in.  wide,  as  per  steel 

bar  card,   Sept   1,  1909... 20  to  .80 

Deck  beams  and  bulb  angles 30 

Hand  rail  tees  75 

Cutting  to  lengths,  under  3  ft.,  to  2  ft.  inclusive 25 

Cutting  to  lengths,  under  2  ft,  to  1  ft  inclusive .50 

Cutting  to  lengths,  under  1  ft 1.55 

No  charge  for  cutting  to  lengths  3  ft  and  over. 

Steel  Bars.  Base,  1.25c.  See  table  of  extras  for  other 
sizes. 

Iron  Bars.  Base,  1.35c.  See  table  of  extras  for  other 
sizes. 

Plates.  Tank  plates,  %  in.  thick,  6%  in.  up  to  100  in. 
wide,  1.45c.  to  1.50c.,  base,  net  cash,  30  days.  Following  are 
stipulations  prescribed  by  manufacturers,  with  extras: 

Rectangular  plates,  tank  steel  or  conforming  to  manu- 
facturers' standard  specifications  for  structural  steel  dated 
February  6,  1903,  or  equivalent,  ^  in.  and  over  on  thinnest 
edge,  100  in.  wide  and  under,  down  to  but  not  including  6  in. 
wide,  are  base. 

Plates  up  to  72  in.  wide,  inclusive,  ordered  10.2  lbs.  per 
sq.  ft,  are  considered  ^-in.  plates.  Plates  over  72  in.  wide 
must  be  ordered  %  in.  thick  on  edge,  or  not  less  than  11  lbs. 
per  sq.  ft,  to  takel)ase  price.  Plates  over  72  in.  wide  ordered 
less  than  11  lbs.  per  sq.  ft  down  to  the  weight  of  3-16  in.  take 
the  price  of  3-16  in. 

Allowable  overweight,  whether  plates  are  ordered  to  gauge 
or  weight,  to  be  governed  by  the  standard  speciflcationB  of 
the  Assocation  of  American  Steel  Manufacturers. 

Cents  per 
Bztras  100  lbs. 

Gauges  under  %  in.  to  and  including  3-16  in |0.10 

Gauges  under  3-16  in.  to  and  including  No.  2 15 

Gauges  under  No.  8  to  and  including  No.  9 25 

Gauges  under  No.  9  to  and  including  No.  10 30 
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Gauges  under  No.  10  to  and  including  No.  12 40 

Sketches  (including  straight  taper  plates)  3  ft.  and  over    .10 

Complete  circles,  3  ft.  in  diameter  and  over 20 

Boiler  and  flange  steel 10 

"A.  B.  M.  A."  and  ordinary  firebox  steel 20 

SUU  bottom  steel   30 

Marine  steel   40 

Locomotive  firebox  steel  50 

Widths  over  100  in.  up  to  110  in.,  inclusive 05 

Widths  over  110  in.  up  to  115  in.,  inclusive 10 

Widths  over  115  in.  up  to  120  in.,  inclusive 15 

Widths  over  120  in.  up  to  125  in..  Inclusive 25  , 

Widths  over  125  in.  up  to  130  in.,  inclusive 50 

Widths  over  130  in.  1.00 

Cutting  to  lengths,  under  3  ft,  to  2  ft.  inclusive 25 

Cutting  to  lengths,  under  2  ft,  to  1  ft  inclusive 50 

Cutting  to  lengths,  under  1  ft 1.55 

No  charge  for  cutting  rectangular  plates  to  lengths  3  ft 
and  over. 

Sheets.  Makers'  prices  for  mill  shipments  on  sheets  of  U. 
S.  Standard  gauge,  in  carload  and  larger  lots,  on  which  Job- 
bers charge  the  usual  advance  for  small  lots  from  store,  are 
as  follows,  f.  o.  b.  Pittsburgh,  terms  30  days  net,  or  2  per 
cent  cash  discount  in  10  days  from  date  of  invoice: 

Blue  Annealed  Sheets 

Cents  per  lb. 

Nos.  3to8  1.70 

Nos.  9  to  10  1.76 

Nos.  11  and  12  1.80 

Nos.  13  and  14 1.86 

Nos.  16  and  16 1.96 

Box  Annealed  Sheets,  Cold-Rolled 

Nos.  10  and  11  1.90  to  2.00 

No.  12 : 1.90to2.00 

Nos.  13  and  14' 1.95  to  2.05 

Nos.  16  and  16 2.00to2.10 

Nos.  17  to  21 2.05  to  2.15 

Nos.  22  and  24  2.10  to  2.20 

Nos.  26  and  26  2.16  to  2.25 

No.  27   2.20to2.30 

No.   28    2.25  to  2.35 

No.  29   2.30  to  2.40 

No.   30    2.40  to  2.50 
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Galvanized  Sheets  of  Black  Sheet  Gauge 

Nos.  10  and  11 2.36  to  2.60 

No.   12    2.45  to  2.60 

Nos.  13  and  14 2.45  to  2.60 

Nos.  15  and  16   2.60  to  2.76 

Nos.  17  to  21   2.75  to  2.90 

Nos.  22  and  24   2.90  to  3.05 

Noa  25  and  26   3.05  to  3.20 

No.   27    3.20to3.35 

No.   28    3.35to3.50 

No.    29    3.50to3.65 

No.   30    3.65  to  3.80 

Rivets.  Button-head  structural  rivets,  |2.00  per  100  pounds, 
Pittsburgh. 

Cove-head  boiler  rivets,  $2.10  per  100  pounds,  Pittsburgh. 

All  of  the  above  prices  are  for  large  lots  of  material.  If 
small  quantities  are  ordered,  an  extra  charge  is  made,  which 
is  added  to  the  base  price.  A  card  or  list  published  by  the 
mills  or  issued  by  Jobbers  usually  gives  this  additional  price 
to  be  considered.  This  point  is  shown  under  "Quantity  Dif- 
ferentials" in  the  accompanying  Jobber's  card  of  extras. 

Standard  Steel  Classification 

Extras  are  given  in  cents  per  pound. 

Rounds  to  *{f%  in. — Squares  to  6  in. 

y    to  3iV  inches Base 

%    to    H  inch 10c.    extra 

Ji    to    A  inch 20c. 

[A  inch 40c. 

j{  inch .' 50c* 

(i  inch 60c. 

Jf  inch 70c. 

A  inch 80c. 

X  inch 1.00c. 

\\  inch... 1.50c. 

A  inch 2.00c. 

A  inch 2.50c. 

3X  to  3A  inches 15c. 

3X  to  4^  inches .25c. 

4H  to  4A  inches 30c. 

4X  to  5     inches 40c. 

5H  to  fi%  inches 50c. 

5fi  to  6     inches 75c. 

6H  to  6>^  inches 1.00c. 

6Kto  7A  inches , 1.25c. 

For  intermediate  sizes,  the  next  higher  extra  to  be 
charged  in  all  cases. 
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Fiat  Bars  and  Heavy  Banda 

1     to  6    in.  z    H  to  1     in Base 

1     to  6    in.  X    X  to    Ain-- 20c  extra 


X    Xto    A 


{JtoHin.  X    H  to    ji(  in. 40c 
J  to  «  in.  X    X  to    A  in 60c 

AtolJin.  X    H  to    ilin 60c 

AtoJ<in.  X    X  to    Am 70c 

H  in.  X    H  to    A  in 1.00c 

H  in.  X    ^  to    A  in l-SOc 

H  in.  X    X  to    A  in 2.00c 

IX  to  6    in.  X  lA  to  lAin.. .......     .10c 

l>ito6    in.  xlXtolMin 20c 

IX  to  6    in.  X  IH  to  2K  in 30c 

d>i  to  6    in.  X  3     to  4      in 40c 


For  intermediate  sizes,    the    next    higher    extra    to    bo 
charged  In  all  cases. 

Above  extras  not  applicable  on  Steel  Tires. 


Light  Bars  and  Bahds 

IK  to  6     in.  X  Noe.  7,  8,  9  and  A  ^*    •^^  extra 

IK  to  6     in.  xNo6.10,ll,l2andHin-.    .<K)c  ^' 

1     tolAin.xNos.  7,a,9andAip*    -SOc  ** 

1     to  lA  in.  X  Noe.  10,11,12  andK  in.     .70c  ** 

U  to   H  in.  X  Nos.  7,  8,  0  and  A  in.    .70c  «' 

H  to   iiin.xNos.lO,11.12andHin.     .80c  ^ 

il   to   H  in.  X  Noe.  7,  8,  9  and  A  in.  1.00c  *• 

H   to   Kin.xNo8.10ai,I2andKin.  1.20c  '' 

A  to   K  in.  X  Nos.  7,  8,  9  and  A  in.  1.20c  ** 

A  to   Kin«xNo8.iail>12andH  in:  1.30c  '* 

K  in.  X  Nos.  7,  8,  9  and  A  in 1.30c  " 

K  in.  X  Nos.  10, 11«  12  and  K  in 1.50c  <* 

Ain.xA^ * l-8<^  " 

Kin.  X  Noe.  7,  8,  9  to  A  in. l.Wc  •• 

Kin.xNo.lOandKin 2.40c  " 

For  intermediate  sizes,  the  next  higher  extra  to  be  charged 
In  all  cases. 
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Half-Ovals 

T/i  to  4  iiii  X  A  to  |<  In 50c  extra 

2K  X  ><  in.  (special) 50c  " 

KxAin 80c  •• 

yi  X  AandAin 1.00c  " 

Axftin 1.30c  " 

Ain.xNo.l3 1.80c  " 

yi  X  Hin 1.30c  " 

AxAin 2.10c  " 

Ji  X  A  to  A  in 2.50c  " 

Half-Rounda 

;<  to  2  in 50p  extra 

%  in 80c  •• 

K  andiiin 1.00c  " 

J<  in 1.30c  *' 

Ain 2.10c  " 

H  in 2.50c  ** 

A  in 2,60c  •' 

Ovala 

%  to  \}i  inches dOc  extra 

H  inch 50c     •• 

A  inch .60c     " 

Jtinch 80c    " 

For  intermediate  sizes,  the  next  higher  extra  to  be  charged 
in  all  cases. 

Hexagons 

%  to  2A  inches 30c  extra 

J<tolMnch -.500     •• 

^  to  A  inch 70c     •• 

Ainch 1.10c     •• 

Hinch 1.30c    " 

Jiinch 1.50c     " 

For  intermediate  sizes,  the  next  nigher  extra  to  be  charged 
In  all  cases.  * 
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Channels 


l}i  inches  and  wider,  but  under  3 

inches,  xft  inch  and  heavier 20c  extra 

1)i  inches  and  wider,  but  under  3 

inches,  xH  ii\ph .30c  " 

tjix lyi inches  x >t  inch  (special) 40c  *' 

1  to  1>(  inches  x  A  inch  and  heavier.     .30c  '' 

1  to  IX  inches  X  X  inch 40c  '* 

;<xXinchandtt fiOc  " 

;<?Ainch 70c  •* 

XxHinch..  eOc  " 

3^  X  A  inch 80c  " 

l^xXioch. ,..  2.20c  ** 

For  intermediate  sizes,  the  next  higher  extra  to  be  charged 
in  all  cases. 


Angles 

1%  X  \yi  inches  and  wider,  but  under 

3  inches,  x  -f^  inch  and  heavier.    .20c  extra 
lyi  xl}^  inches  and  wider,  but  under 

3  inches,  x  X  inch 30c  " 

1     X  1  to  IX  X  IX  inches  x  A  ^D<^b 

and  heavier 30c  *' 

1     x  I  to  IX  X  IX  inches  x  H  inch. .     .40c  '* 

Ji   x  ;<  inch  X  iV  inch , 40c  *' 

^   x^inchx><inch 50c  " 

X   xXinchxAinch 50c  ** 

X   xXiuchxHinch 60c  ** 

3  inches  on  one  or  both  legs  by  less 

than  X  inch  thick..,.. 70c  " 

Prices  quoted  on  application  for  special  sizes. 
For  intermediate  sizes,  the  next  higher  extra  to  be  charged 
in  all  cases. 
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Tees 

\}(t  X  \}i  inches  and  wider,  bat  under 

3  inches,  x  %  inch  and  heavier    .20e  extra 
\%  X  l}i  inches  and  wider,  but  under 

3  inches,  X  A  inch 40c  ** 

IX  X  IX  inches  xX  inch  and  heavier    .40c  *' 

IX  X IX  inches  X  A  inch 50c  ** 

Ixlinchx A^nch 00c  ** 

1  xl inch xH inch. .•« , 70c  ** 

Prices  quoted  on  application  for  special  sizes. 
For  Intermediate  sizes,  the  next  higher  extra  to  be  charged 
in  all  cases. 

Quantity  Differentials 

All  specifications  for  less  than  2,000  lbs.  of  a  size  will  be 
subject  to  the  following  extras,  the  total  weight  of  a  size 
ordered  to  determine  the  extra,   regardless   of  length  and 
regardless  of  exact  quantity  actually  shipped. 
Quantities  less  than  2,000  lbs.,  but  not  less  than 

1,000  30c  extra 

Quantities  less  than  1,000  lbs 70c      ** 

Extras  for  Cutting  to  Specified  Lengths 

Hot  Sawing  or  Shearing  to  lengths  over  24  in 10c 

Hot  Sawing  or  Shearing  to  lengths  12  In.   to  24  in., 

inclusive  20c 

Machine  cutting  to  lengths  over  24  In 20c 

Machine  cutting  to  lengths  12  in.  to  24  in.,  Inclusive 406 

For  Machine  cutting  to  lengths  less  than  12  in.,  extra 
will  be  fumulshed  on  application,  but  will  not  be 
less  than  .60g 

Exceptions 

No  charge  will  be  made  for  Hot  Sawing  or  Shearing  to 
lengths  of  5  ft.  and  over. 

Shearing  or  Hot  Sawing  to  lengths  under  12  hi.  will  be 
quoted  on  application. 

Rounds  and  Squares  in  extreme  lengths  will  be  subject  to 
an  extra  charge. 

Straightening  and  Centering 

Machine  Straightening  20e 

Extra  for  Machine  Straightening  and  Centering  will  be 
furnished  on  application. 
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Mill  Extras  for  Rolled  Steel  Beams  and  Channels 


per  100  lb9. 


iB«ftBis,  plain;  IS^lncli  tad  imiJler. ■, . . •.•,.% '..«-««•>•« 

ChiBntii,  pUiB,  19-liicli  and  ^nailer. ., . ;  v, . . 

18-lscA»  20-lncb,  and  24-lnch  Beama. ....<....;.,.  .^ . 
BxTBAa.roB  Wobx/to  Bb  Aoi»d  to  Babb  Psica  ^bb 
Pound  or  Bbaics  and  Crannelb.  . 

i.    Plain  ponchloff  on«.  alse  hole  In  web  .only 

8,''  Plain  panching  one  slae  bole  In  one  or  both  flangea..' .: 

5.  Plain  panchlng  one  alae  hole  In  either  web  and  one 

•  *  flange  or  web  and  both  flangea. ..,;..«.'.....!... 

4.    Plain  punching  each  additional  slae- hole  In  either  web 

or  flangea,  web  ano  one  flange,  ov  web  and  both 

'  flangea • >.i. •••.%... 

6.  ^lalA  punching  one  lise  hole  in  flange,  and  another 

.    Blie  hole  In  web  of  the  same  beam  or  channel. . . . 

H..-   Panchlttg  and  aaaembllng  Into  glrdera. .............. 

7«  Coping,  ordinary  bevellDg.  including  catting  to  exact 
length,  with- or  without  punching,  incindlng  the 
riveting  or  bolting  of  standard  connection  anglca. 

B>  For  riveting  or  bolting  shelf  angles  or  cover-plates  to 
beams,  channels  or  angles. .' 

Q.    For  painting  or  oiling  one  coat  with  ordinary  oU  or 

10.  CamDerlng  beama  *and  'channels*  and'  other  shapee'  for 

ships,  or  other  purposes,  bending  or  other  unusual 
work'.. ...- ••.*'•.•.•#.-.. ••' 

11,  For  cutting  to  length  with  less  variation  than  plus 

or  mlnua  %*.......... * . .  i. .-.-. ... .... 

12:    For  flttlnga.  whether  loose  or  attached,  stich  aa  angle 
connections,  bolts  and  separators*  tie-rods,  etc... 


1040^ 

10.15 
,16 


[yt9 
M 

•^! 

.10 

Shop  Rateij 
.15 
1.55 


Tle-roda  in  all  cases  where  estimated  upon  in  connection  with  beams 
or  channels  to  be  clasflfled  as  fittings.  ■  ■...•. 

Prices  for  Small  Lots 
The  quotatioiiB  given  below  are  for  small   lots,  as  sold 
from  stores  in  New  York  City  by  merchants  carrying  stocks. 
As  there  are  many  consumers   whose  requirements  are 
not  sufficiently  heayy  to  warrant  their  placing  orders  with 
manufacturers  for  shipment  in  carload  lots  from  mills,  these 
prices  are  given  for  their  convenience. 
IRON  AND  STEEL 
Bar  Iron  and  Soft  Steel  Bars 
Refined  iron:  Per  lb. 

1  to  1%  in.,  round  and  square 2.05c 

1%  to  4  in.  X  %  to  1  in 2.05e 

1%  to  4  in.  X  %  to  5/16  in 2.25c 

Burden's  H.  B.  &  S.  bar  iron,  base  price 3.15c 

Burden's  Best  bar  iron,  base  price 3.35c 

Norway  bars  3.60c 

Soft  steel: 

%  to  3  in.,  round  and  square 2.05c 

1  to  6  in.  X  %  to  1  in 2.05c 

t  to  6  in.  z  ^  and  5/16  in 2.20c 
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Rods— %  and  11/16  2.15c 

Bands— 1%  to  6  x  3/16  to  No.  8 2.35c 

Shapes  ^ 

Beams  and  channels — 3  to  15  in 2.15c 

Angles: 

3  in.  X  %  in.  and  larger 2.15c 

3  in.  X  3/16  In.  and  %  in     2.56c 

1%  to  2%  in.  X  %  in 2.30c 

1%  to  2%  in.  X  3/16  in.  and  thicker 2.20c 

1  to  1%  in.  X  3/16  in 2.30c 

1  to  1%  X  %  in 2.35c 

%   X   H   In 2.45c 

%  X  H  in 2.50c 

%   X   %   In 3.70c 

%   X   3/32   in 4.75c 

Tees: 

1  In.  X  1  X  %  in 2.60c 

1%  In.  X  1%  in.  X  3/16  in 2.45c 

1%  to  2%  X  %  in 2.25c 

1%  to  2%  X  3/16  in 2.35c 

3  In.  and  larger 2.25c 

Tank  Plates — Steel 

44   in.   and  heavier 2.160 

3/16   In 2.25c 

No.    8    2.46c 

Sheets 
Blue  Annealed 

No.   10    2.65c 

No.    12    2.70c 

No.    14    2.75c 

No.    16    2.85c 

Box  Annealed — Black 

One  pass,  C.  R.        R.  G. 

soft  steel  cleaned 

Per  lb.  Perlb./ 

Nos.  18  to  20 2.90c  . . . .' 

Nos.  22  and  24 2.95c  3.46c 

No.  26  » 3.00c  3.66c 

No.  27 3.05c  3.65c 

No.  28  3.10c  3.75c 

No.  29  3.30c 

No.  30 3.50c 


•  •  ■ « 
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Galvanized  ^ 

Per  lb. 

Nos.  12  and  14 3.35c 

No.  16  3.45c 

Nos.  18  and  20 3.60c 

Nos.  22  and  24 3.75c 

No.    26    3.90c 

No.    27    4.05c 

No.    28 4.20c 

No.    30    4.60c 

No.  28,  36  in.  wide,  10c  higher. 

Corrugated  Rooflng,  Galvanized 
2^  in.  corrugations,  10c  per  100  lb.  over  flat  sheets. 

Corrugated  Roofing,  Painted 
2^  in.  corrugations. 

No.  22   Per  100  sq.  ft.  .$4.75 

No.  24   Per  100  sq.  ft..  3.75 

No.  26 Per  100  sq.  ft. .  2.85 

No.  28 Per  100  sq.  ft..  2.50 

t   Genuine  Iron  Sheets 
Galvanized 

Nos.  22  and  24 Per  lb.  5.75c 

No.  26  Per  lb.  6.50c 

No.  28   Per  lb.  7.25c 

Where  jobbers  sell  in  small  lots  and  cutting  is  desired,  it 
is  common  to  add  an  extra  price  for  such  service.  A  card 
of  extras,  issued  by  Joseph  T.  Ryerson  &  Son,  of  Chicago, 
m.,  is  here  reproduced  (see  top  of  page  428). 

Although  attention  has  been  called  to  the  practice  of  al- 
lowing a  variation  %  inch  either  way  from  the  ordered 
length  in  figuring  the  cut  length  of  a  member,  it  might  be 
well  to  state  that  the  variation  may  be  kept  within  even 
smaller  limits  if  desired;  but  the  mills  charge  an  extra 
price  for  so  doing,  on  account  of  the  additional  care  re- 
quisite in  adjusting  the  machinery  and  supervising  the  mill 
processes.  In  view  of  the  fact  that  a  %-in.  variation  from 
ordered  length  is  allowable  in  the  cutting  done  at  the  mills. 
It  is  good  practice,  when  ordering  beams  which  are  to  abut 
against  other  members  at  each  end,  to  make  due  allowance 
for  this  possible  variation  from  the  measurements  specified. 
This  precaution  is  not  necessary  for  beams  which  are  built 
into  masonry  or  brickwork,  since  in  this  case  there  is  little 
difficulty  in  fitting  the  beam  to  its  end  connections. 
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WAREHOUSE  CUTTING  EXTRAS 

(Joseph  T.  Ryerson  &  Son»  Chicago,  IlL) 

^                                             Over  iP"  .2'  -1'  '€-  4" 
B%BxnB  And  '  Ch4iui%i)fl»'  'Z" 

C(nd  over   ...... ...>^;..|0.bO  |d.f6'$(|LS0  |t».85  fl.40  |2.S» 

Zees  .V •....•f««.K*  .00  .15  *^.S0  .86  1.40  2.2^ 

Tees  tr-^Bd  over.. ...... *^.  .00  :16  .SO  .8fi  1.40  X.SO 

Angles  2  r  2  X  A  and  over,.  .00  .05  illO  /  .20  .25      M 

Plates,' rectAnsiil^r:.  '  .                                        ^  • 

For.lengUi   .!-.>...•••-•«•  .00  ^06  :10  .4ft  125      J0. 
SpUttins  platep/lOo-«xtrar 

Sketch    ..oi<»i;.iL«..- 10  .10'  '.10  .10  •••       .t^i 

Checkered    .y ^..  .20  .80  .20  .50  /..       -.; 

Sheets,  No^:iOgai]^s. •.;'•'  .25  «25  .25  .45  •••       ^^; 

Sheets,  No.  12  srause,.\.*  .20  r.20  ^80-      .50  •••      «•:! 

Sheets,  NSc  14  gauge.. '.••  ^5  .28*  :»25  «55  «.«       ••» 

Sheets,  No.  15  gaugS.V..^  .40  ,40  '.40  ib€0  ..^     «•«; 
Splitting  .  Stock     Sheets, 

No.    10    to   NO.   16,    10& 

extl%. 
FlaU.   1   lb.   pel-  ft.   and 

over  to  1*^, thick,. ind.*.  ^0  .20  «80  .0  M      JlO 
Rounds,  1  lb.  per  ft.  and 

over  to  2r  Uiick.  ln6L.£  .20r  .210  ^80  .60  .Off      ^0 

*8Qtlflre8,  1  lb.  per*  ft^-  and  "  •  «r  •' 

over  to ^"^  thick,  ind..  ^0  .20r  :20  M  M      jll 

Angles,  1  lb.  per  ft.  and  -  ' 

iover  to  2x2x%r,  ind.;  .20.  ,20  «80  .60  .50      40 

^ats.  under  1  IbM  per  ft.  .26  .25  .40,  .85  1.40  |.80. 

Rounds,  under  1  Ib.^  per  ft  .t&  .25  .401  •S5  lUO  2.20 

Squares,  under  lib.,  per  ft  .25  ,25  .40  .85  1.40  2.80 

•Angles,  under  1  lb.,  per  ft  .25  .25  .40  .85  1.40  2 JO 

Flats,   over   1*  «in-  thicks  ^^  '  ^  ^^ 

ness  ..... .^., i^. .••  .25-  .25  «40  .86  1.40  2.80 

Rounds,  over  2'*di«un...«  .25  .25  .40  .85  1.40  2 JO 

Squares,  over  2%.rrr.w*  .26  .25  .40  .85  1.40  2.80 

Tees,  under: 2" •«-•  .25  .25  «40  .86  1.40  2.2!^ 

Channels,  under  2* .;  .25  .25  .40  .85  1.40  2.20: 

Ralls  ...... ^...v •'•••••  •«  '^  -*»  M.  1.40  2J0 

Billets ...V, 

jBands   ..•.-..»•...•  iT^*  ..• »« 
Reinforcing-  Barp . »  . « ;* v%  « 


VAi — •'Prioer'Ai  l^ooneat-i— ^ 
« .'1 


Also,  if  there  are  likely  to  be  changes  made  in  the  plans, 
order  material  of  a  length  sufficient  to  meet  these  changes. 

Be  sure  to  allow  a  little  leeway  in  the  width  of  plates 
forming  the  web  of  built-up  girders.  It  is  better  to  have 
them  a  half-inch  narrower  than  the  distance  from  back  to 
back  of  angles,  than  to  have  to  shear  off  that  half-inch. 

Also,  allow  for  a  milling  cut  wherever  surfaces  or  edges 
have  to  be  faced  or  finished. 

Above  all,  stick  to  standard  shapes  and  sizes,  and  avoid 
specials  wherever  possible. 

Drafting  and  Shop  Costa 
The  drafting  cost  on  I-beams  and  channel  work  does  not 
exceed  60  cents  per  ton  when  a  good  draftsman  is  employed 
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on  it  For  a  general  average,  $1.00  a  ton  is  about  right. 
Bnllding-truss  and  plate-girder  work  should  not  run  higher 
than  $2.00  to  $3.00  per  ton,  although  some  runs  as  high  as 
$8.00  a  ton.  As  a  general  rule,'  the  lighter  the  work  and  the 
more  difficult,  the  higher  the  cost.  Some  work  on  a  dome 
where  the  heaviest  angles  were  3  by  3  by  5/16  in.,  and  where 
much  curved  work  was  necessary,  ran  up  as  high  as  $15.00 
a  ton. 

The  shop  cost  for  cutting,  punching,  assembling,  and  rivet- 
ing, runs  about  as  follows: 


Column  work    

Truss  and  Girders 


...$14.00  to  $20.00  per  ton 
...$12.00  to  $25.00  per  ton 


According  to  Mr.  M.  S.  Ketchum,  for  lots  of  six  members 
ordered  at  the  same  time,  the  costs  of  fabrication  are  as 
shown  in  Table  CXXVIII. 

TABLE    CXXVIII 
Shop  Costs  of  Steel  Columns  and  Trusses 
(Prices  based  on  orders  of  six  members) 


TTFt  Qt  ICniBBR 


Consists  of 


Wbobt  or 

IIEKBBRS 
(Pounds) 


SE0E.C08T 
VMM  POUND 

(CoBto) 


Coll 
Cot 
Coll 

Cotsma « 

Colvmii. '..-'. '. 

Svetad'KoN»r  fTkim  toadi'of  me^^ 

Bivetod  Boof  TtoM  (endi  of  meih 

_b«»e«toff  Atricht  Mglei' 
Bivtttd  Roof  Tnm  (endi  of 
^baneutoaMricbta    ' 
Flft^Jouiocted  I^vstes 


2  chaniwla  And 

llpUles, 

\    or 

[llacedchuiiielB 
4  ancles,  laced 
t  channels  and 

llPbeam. 

\    or 

[S  channels 

gintie  I-beam 
incle  ancle 
Z*bar 
Plain  cast 
jOrdinaiy  fonn 
_of  trass. 
Ordinary  form 

of  tross 
Ordinary  form 
''truss 
_inary  form 
of^ 


MO  to  1.000 


A  to  A 

AtoIA 
AtoA, 


O^S 


B00to2.S00 

LOOO 
1.500 

UOOtotSOO 


&^*- 


A 
toA 

iMtolM' 
Atol 
MtoM 

AtoM 

A4d  MO  to  MO 
CMtp«rpoudto 

Ahov*»ii6M  fit 
ciWta/toMMi 


The  cost  of  shop  work  alone  on  plate-girders  for  floor 
and  traveling  cranes  varies  according  to  the  size,  detail,  and 
number  put  through  the  shop  at  the  same  time,  from  6/10 
cent  to  1  3/10  cents  per  pound. 

The  total  cost  of  an  eye-bar  is  made  up  by  adding  the 
cost  of  the  metal  and  the  cost  of  shop  work  or  labor  on 
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same.  This  shop  work  cost  varies  from  1  2/10  to  1  8/10 
cents  per  pound  for  small  bars  from  2^x%  In.  to  3x%  in. 
in  section  and  from  16  to  30  ft.  long;  while  large  bars  or- 
dered in  large  quantities  may  be  made  at  a  price  ranging 
from  5A0  to  8/10  cent  per  pound. 

Cost  of  Erection 

Erection  expenses  are  variable,  depending  upon  the  class 
of  work,  and  must  be  figured  separately  for  each  case.  The 
following  costs  are  taken  from  data  compiled  by  Mr.  Edward 
F.  Godfrey,  and  are  thought  to  be  good  average  values: 

Erection  of  plain  structural  work  costs  $9.00  to  $10.00  per 
ton;  of  framework  of  office  buildings,  $10.00  to  $12.00  per 
ton;  of  mill  buildings,  $11.00  to  $15.00  per  ton.  Complicated 
work  of  many  small  parts  and  light  tonnage,  such  as  angles 
and  tees  for  roof  tile,  may  run  as  high  as  $28.00  to  $30.00 
per  ton  to  erect.  Bridge  truss  work  will  cost  $15.00  to  $20.00 
per  ton.  These  figures  include  furnishing  falsework,  also  the 
painting. 

The  driving  of  field  rivets  costs  from  5  cents  to  20  cents 
each,  depending  upon  the  accessibility  of  the  rivets  and  the 
number  of  times  that  scaffolds  must  be  moved  in  a  day.  A 
riveting  gang  costs  about  $8.00  a  day.  For  ordinary  work,  12 
cents   per   rivet  is   a  good  average. 

The  hire  of  an  engine  and  derrick  is  about  $30.00  per 
week.  That  of  an  engine  and  concrete  mixer  is  about  the 
same.     This  does  not  include  any  men  to  operate  the  same. 

The  cost  of  furnishing  clips  and  rivets  and  putting  up 
corrugated  iron,  is  about  $2.00  per  square  of  100  sq.  ft 

Other  authorities  state  that  with  wages  for  skilled  labor 
at  $3.50  and  common  labor  at  $2.00  per  9-hour  day,  the  cost  of 
erecting  the  steel  work  on  small  mill  or  manufacturins 
buildings  will  be  about  $10.00  per  ton  if  the  trusses  are 
riveted  and  all  other  connections  are  bolted. 

The  erection  of  corrugated  steel  siding  varies  in  cost 
from  75c  to  $1.00  per  square  of  100  sq.  ft. 

The  erecting  of  heavy  steelwork  in  machine  shops  and 
similar  buildings  where  all  steel  is  riveted,  will  cost  about 
$9.00  per  ton,  including  the  labor  of  painting  but  not  the 
cost  of  paint. 

In  small  buildings  where  all  connections  are  bolted,  the 
erection  costs  will  be  about  $6.00  per  ton. 

Coat  of  Finishing  Work 
Cleaning,  Painting,  and  Galvanizing.     Any  mud,  dirt,  or 
rust  which  may  adhere  to  steel  work  should  be  removed  by 
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the  use  of  wire  brushes,  steel  scrapers,  or  sand-blast;  and 
in  the  case  of  plain,  ungalvanized  material,  two  or  more 
coats  of  good  paint  should  be  applied.  The  surface  should 
be  clean  before  the  application  of  the  first  coat,  in  order  that 
the  paint  may  adhere. 

The  first  coat  usually  consists  of  red  lead  mixed  in  oil 
In  the  proportion  of  about  33  lbs.  of  dry  red  lead  to  a  gallon 
of  oil.  When  brushed  out  by  the  ordinary  workman,  one  gallon 
will  cover  about  400  sq.  ft  of  surface,  one  coat  Red  lead 
paint  is  best  prepared  from  day  to  day,  and  should  be  used 
only  as  an  under  or  first  coat 

Before  applying  the  finishing  coat,  all  bolt  and  rivet- 
heads,  together  with  the  edges  and  comers  of  structural 
shapes,  should  be  given  an  extra  coat  of  paint  in  order  suffi- 
ciently to  cover  those  parts  which  may  have  received  a  light 
coat  on  the  first  application  or  been  abraded  in  handling. 
A  week  later,  the  finishing  coat  may  be  applied.  This  finish- 
ing coat  should  consist  of  pure  linseed  oil  and  a  finely 
ground,  stable,  and  non-injurious  pigment.  Graphite  in  lin- 
seed oil  is  often  used,  and  gives  good  results.  Often  lamp- 
black is  mixed  with  the  graphite.  Bone  black  is  frequently 
an  ingredient.  Asphalt  paints  seem  to  withstand  the  action 
of  gases  successfully,  and  are  used  to  a  considerable  extent 

The  painting  of  structural  work  costs  about  $1.00  per  ton 
for  each  coat;  while  the  cost  if  galvanizing  is  abjout  $20.00 
I)er  ton. 

Allowance  for  Profit.  This  varies  with  the  competition, 
and  with  the  amount  of  work  on  hand  in  the  shop.  If  work 
is  plentiful,  and  men  who  wish  employment  are  plentiful,  the 
profit  can  be  made  low.  If  the  shop  is  running  full,  and 
men  are  scarce,  the  profit  can  be  made  large,  as  it  does 
not  matter  much  if  the  contract  is  lost;  and  if  it  is  awarded, 
then  some  of  the  other  work  may  be  delayed  and  the  con- 
tract worked  on.  On  the  other  hand,  if  work  is  scarce, 
and  the  men  are  almost  out  of  work  in  the  shop,  but  pros- 
pects look  bright,  it  would  be  policy  to  take  the  work 
at  a  very  small  profit,  or  at  none  at  all,  or  even  at  a 
small  loss,  in  order  to  keep  from  laying  off  good  men  who 
might  leave  for  other  places  and  thus  seriously  inconvenience 
the  output  of  the  plant  when  work  "picks  up." 

Ordinarily  15  per  cent  may  be  added  for  profit  If  con- 
ditions are  favorable  during  the  contract,  more  than  this 
may  be  realized.  If  adverse  conditions  occur,  even  this 
profit  may  vanish.     The  same  estimator  should  confine  hla 
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estimates  to  as  few  classes  of  work  as  possible,  and  snocess 
will  be   more   certain. 

Other  Costs.  Bolts  and  spikes  are  to  be  counted  up,  and 
estimated  at  tbe  current  market  prices.  Freight  varies  with 
the  distance  of  the  structure  from  the  shop.  Traveling  and 
bidding  expenses  vary  with  the  distance  of  the  agent  from 
the  place  where  the  letting  of  the  contract  is  done,  when 
he  is  notified  from  the  home  office;  and  also  with  the  char- 
acter of  the  town  in  which  the  contract  is  let  Two  da3r8' 
hotel  expenses  is  a  fair  amount  for  the  estimate.     Haulage 

TABLE    CXXIX 

Number  of  Rivets  In  100  Pounds 

(Dimensions  given  in  inches) 


u\ 

DUMETXR.OF  RlTETS 

M 

ft 

K 

A 

H 

A 

H 

% 

II 

X 

X 

1 

^ 

17.500 
16.000 
14.400 
1S.500 
12.600 
11.600 
10.800 
10.000 
0.800 
8.700 
8.100 

15.000 
1S.800 
12.200 
10.900 
0.800 
9.000 
8.S0O 
7.600 
7.100 

"moo* 

8.000 
7.000 
6.800 
5.700 
5.200 
4.700 
4.400 
4.100 
4.000 
8.800 
8.500 
8.400 
8.000 

5.100 
4,500 
4.100 
8.700 
8.400 
8.100 

2.200 
2.000 
1.900 

8.200 
2.900 
2.878 
2.190 
2.084 

1.582 

\Z 
\^ 

1.288 
1.187 

\^ 

082 
949 

791 

1.900 
1.800 

\Sk 

1.280 
1.200 
U29 
1.066 
1.010 
960 
914 

687 
662 
686 

611 
581 
548 
519 

.... 

.... 

.... 

■ 
•  ••"• 

.... 

s 

US 

P68 
i^lO 

1 

^19 
4S8 

I 

:72 

^;S5. 

.HS9 

^oo 

289 
279 

642 

604 
571 

1 

867 

848 

882 
821 
811 
802 
285 
270 
257 
250 
244 
288 
228 
214 
205 
197 
190 
188 
177 
171 
165 
160 
155 
150 

MS 

188 

* 

•, 

H 

".' 

1% 

865 

^ 

824 
811 
802 
298 
28S 
277 
269 
261 
258 

11^ 

280 

lit 

198 

1 

144 
189 
185 
181 
127 
128 
119 
116 

lis 

JUL 

845 
822 

811 

1 

226 

19 

Ik 

186 
177 
168 
165 
161 
155 
49 
148 
186 
181 
127 
128 
118 
114 

ii$ 

104 

SI 

208 
206 

201 

i 

1 

IIQ 

04 
91 
88 
85 

78 
71 

A 

2 

5.600 

If' 

7,S 

5.000 

2.800  . 

1.800 

is 

ZH 

4.600 

,2.500 

1.700 

Z 

7% 

4.200 

2.800 

1.500 

S 

or 

ii 

8.000 
8.600 
8.400 
8.200 

lioo 

'i.Vbo' 

1.800 

88 

n 

u 

8.000 

1.700 
1.600 
1.500 
1.475 
1.400 
1.850 
1.800 
1.250 
1.200 

925 
900 
850 
825 
775 
750 

749*' 

Z 

€25 
600 
575 
550 
525 
500 

400 

» 

«« 

I 

8 

f>¥ 

RH 

^\ 

fl 

§1 

• 

1H 

n 

(    1 

21 

STEEL  CONSTRUCTION 


433 


1 


may  be  estimated  at  25  cents  per  ton-mile— that  is,  per  ton 
hauled  one  mile. 

RIVETS 

If  the  weight  of  the  rivets  is  ^desired,  find  the  number 
and  size  of  rivets  needed  from  the  drawings,  and  determine 
their  weight  from  table  given  in  the  mill  books  or  from 
Table  CXXIX.  An  estimate  of  2  per  cent  for  rivets  is  often 
added  to  the  weight  of  built-up  structural  work. 

Size  of  Rivets. — ^The  following  rules  may  aid  in  determin- 
ing size  of  rivets:  For  plates  less  than  ^-in.  thick,  use  a 
rivet  whose  didmeter  is  twice  the  thickness  of  plate.  For 
plates  ^-in.  and  %-ln.  in  thickness,  use  a  rivet  whose 
diameter  is  one  and  one-half  times  the  thickness  of  the 
plate,  while  1-in.  diameter  holes  should  be  used  for  %-ln. 
and  1-in.  plates. 

The  length  of^  rivet  before  clinching  is  generally  given 
as  equal  to  the  thickness  of  the  plates,  plus  2^  times  the 
diameter  of  the  rivet 


^C:^C2i  ri\\ 
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A  5  c  D 

Common  Forms  of  Rivet  Heads. 
A — Steeple;    B — ^Round;    C — Cone;    D — Countersunk. 

The  above  figure  shows  the  common  forms  of  rivet-heads. 
The  measure  of  countersunk  head  rivets  is  over  all.  All 
other  styles  are  measured  from  under  the  head.  Boiler  rivets 
less  than  1  in.  long  are  %  cent  per  pound  extra.  Tank  rivets 
7/16  in.  in  diameter  and  less  are  sold  at  a  list  price,  and 
subject  to  discount 

CONDITIONS  AFFECTING  COST  OP  WORK 

Current  prices  for  which  similar  work  is  being  done  in 
localities  situated  about  the  same  distance  from  the  source 
of  supply,  afford  a  sound  basis  upon  which  to  gauge  the 
cost  of  work.  If  only  a  rough  approximation  is  desired. 
It  is  beet  to  use  as  a  basis  the  unit-cost  of  work  in  place, 
rather  than  to  analyze  the  elements  that  go  to  make  up 
the  cost,  such  as  material,  labor,  freight,  hauling,  profit,  etc. 
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The  contractor's  profit  Is  an  elastic  factor,  depending  upon 
the  size  of  the  work,  the  risk,  and  many  other  con^dera- 
tions.  The  cost  of  manufacture  is  variable.  Some  shops  can 
make  heavy  work  cheaper  than  others,  while  others  can 
handle  light  work  more  economically. 

It  is  not  the  purpose  here  to  analyze  the  cost  in  shops 
and  mills,  so  much  as  to  give  more  general  data  for  deter- 
mining the  probable  cost  of  ordinary  building  and  bridge 
work,  as  well  as  to  point  out  some  of  the  special  cases 
where  costs  are  apt  to  be  more  or  less  than  the  averaga 
Average  costs  will  prevail  near  the  railroads  and  within  radii 
of  50  or  100  miles  of  the  commercial  centers.  Freight  rates 
average  about  %  cent  to  1%  cents  per  ton-mile.  Long  pieces 
requiring  several  cars  and  not  weighing  enough  to  load 
them  to  their  normal  capacity,  will  cost  more  per  ton  than 
materials  that  can  be  shipped  in  full  carloads.  Partial  cai^ 
loads  are  charged  at  a  minimum  carload  rate — say  one-half 
of  the  capacity  of  the  car.  Where  more  than  one  car  is 
required,  one  car  is  charged  at  this  minimum  rate,  and  each 
other  car  at  one-half  of  this  amount,  if  the  actual  weight 
of  the  material  shipped  is  not  over  that  total. 

Extra  hazardous  work  should  have  something  added  to 
the  estimated  cost,  to  allow  for  the  risk  taken  by  the  con- 
tractor. Work  that  must  be  finished  in  a  short  time  should 
have  the  estimate  increased,  especially  if  a  penalty  attaches 
for  failure  to  complete  by  a  specified  time.  If  the  season 
is  a  poor  one  for  the  class  of  work,  still  more  expense  is 
liable  to  be  incurred.  Erecting  bridges  over  streams  in  flood- 
time,  for  example,  may  be  attended  by  serious  difficulties  and 
expensive  delays. 

Large  contracts,  as  a  rule,  cost  less  per  unit  than  small 
ones.  The  placing  and  removing  of  the  contractor's  plant 
on  a  job  often  requires  considerable  time.  If  the  magnitude 
of  work  does  not  justify  bringing  labor-saving  machinery 
to  the  site,  the  extra  labor  will  make  the  smaller  job  more 
expensive.  Large  orders  of  materials  may  be  placed  at  lower 
rates  than  small  ones. 

Where  labor  is  the  principal  item  of  cost  in  any  work» 
less  certainty  can  be  expected  in  the  estimate  of  the  cost, 
whereas  materials  that  are  regularly  manufactured  shoald 
vary  but  little  in  cost 

Under  average  conditions,  it  is  often  estimated  that  stmo 
tural  steel  will  cost  from  3  to  5  cents  per  pound,  erected 
and  painted. 
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The  cost  of  steel  framing,  per  cubic  foot  of  building.  Is 
about  2%  cents. 

WEIGHT  OP  STEEL  USED  IN  BUILDING 

The  following  -weights  of  steelwork  are  often  used  in 
estimating  steel  frame  buildings  of  moderate  height     The 
weight  of  steel  per  square  foot  of  floor  area  of  building  may 
be  approximated  as  follows: 
Hotels  and  fiat  buildings  without  exterior  steel  frames.  9  lbs. 

Same  with  exterior  frames 14  lbs. 

Office  buildings  without  exterior  steel  frames 15  lbs. 

Same  with  exterior  frames 24  lbs. 

Warehouses    and    storage    buildings    without    exterior 

steel  frames  .'18  lbs. 

Same  with  exterior  frames * 30  lbs. 

In  manufacturing  plants  the  approximate  weight  of  steel- 
work estimated  on  the  basis  of  the  number  of  square  feet  of 
ground  surface  covered  Is  as  follows: 

Blacksmith  shops,  paint  shops,  etc 10  lbs. 

Foundries  20  lbs. 

Machine  shops 25  lbs. 

The  above  values  should  be  used  only  In  approximating 
prices. 

WORKING  UNITS  FOR  STEEL  STRUCTURAL  DESIGN 

In  calculating  necessary  sizes  for  steel  members,  and  flg* 
urlng  other  details  of  design,  the  units  given  in  Table  CXXX 
will  be  found  of  great  service. 

TABLE  CXXX 
Factors  of  Safety  and  Allowance  Stress  In  Steel  Structures 

Ultimate  strength  of  medium  steel,  60,000  lbs.  per  sq.  In. 


^ 

Class  of  Strxss 

Factor  of 
Safety 

Allowable  Wonuiie 
Stress 

BsUdlncs 

I  Live  Load:.*;;!!.'.*!; 

fDesdLoad 

lUve  Load 

8 

12.4 

16 

U2!600  •••    "    -     •• 
(20  000  ••      ••    ••     •• 

Iwm  ••    -  -r  " 

Bighirty  Bridges... 
Bailioad  Bridges... 

IRON   CASTINGS 

If  cast-Iron  columns  are  to  be  used  In  construction  work, 
use  stock  sizes  wherever  possible.  In  case  a  special  pattern 
has  to  be  made  for  column,  cap,  or  base,  the  price  of  same 
when  ready  for  the  building  will  depend  largely  on  the  first 
cost  of  the  pattern  Itself  and  upon  the  number  of  pieces 
cast  Patterns  are  costly,  and  should  be  estimated  on  by 
an  experienced  pattern-maker.    The  white  pine  from  which 


^ 


v^ 
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they  are  made  will  cost  about  $80.00  per  thousand  board  feet* 
but  the  labor  is  a  varying  quantity. 

If  the  weight  of  cast  work  is  desired,  same  may  be 
obtained  either  by  experiment  or  by  calculation.  When  the 
pattern  is  available,  the  weight  of  a  casting  may  be  obtained 
by  measuring  the  amount  of  water  displaced  in  a  tank  when 
the  varnished  pattern  is  placed  just  beneath  the  surface  of 
the  water,  and  then  multiplying  this  displacement  in  cu.  in. 
by  26/100  of  a  pound,  the  weight  of  a  cu.  in.  of  cast  Iron. 
An  old  rule  is  to  multiply  the  weight  of  the  pattern  by  18  to 
obtain  the  weight  of  the  casting. 

The  most  accurate  rule  is  to  find  the  actual  cubic  content 
of  the  piece  to  be  used,  and  multiply  this  volume  (in  inches) 
by  .26.  The  result  will  be  the  weight  of  the  casting  in 
pounds. 

In  case  of  a  hollow  colunm,  find  the  volume  of  the  col- 
umn figured  as  solid,  and  subtract  the  volume  of  the  hollow 
part.  This  will  leave  the  actual  cubic  contents  of  the  metal 
in  the  hollow  column.  For  brackets,  flanges,  etc.,  figure  the 
cubic  contents,  and  add  to  the  volume  of  the  shaft  itself. 
This  sum,  multiplied  by  .26  for  each  cu.  in.  of  volume,  will 
give  the  weight  of  column. 

The  following  prices  may  serve  as  an  approximate  guide 
where  a  local  price  for  castings  is  not  easily  obtained: 

Cast  Iron.  Pig  iron,  $14.00  to  $17.00  per  long  ton,  de- 
pending on  location.  In  general  building  work,  1.75  to  2.25c 
per  lb.  Castings  for  footings,  manhole  covers,  and  outside 
work,  1.60  to  1.90c  per  lb.  Intricate  castings,  3  to  6c  per 
lb.,  depending  upon  size  of  the  order  and  shape  of  pattern. 


TABLE  CXXXI 
Cost  of  Bridge  Steel  Work  and  Floors 
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COST   OP   STEEL    BRIDGE    WORK   AND    FLOORS 

The  floors  of  railroad  bridges  (unless  constructed  with 
buckle-plates  or  similar  material,  on  which  the  regular  bal- 
last roadbed  is  carried)  are  largely  of  timber,  which  has 
a  relatively  short  life.  In  general  it  may  be  estimated  that 
the  wooden  portion  of  such  a  floor  will  last  about  ten  years 
In  the  northern  part  of  the  United  States,  decreasing  to 
about  six  in  the  Southern  States. 

Table  CXXXI  gives  some  estimated  costs  of  bridge  steel 
work  and  railroad  bridge  floors  for  different  spans,  for  the 
sake  of  comparison. 
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HEATING  PLANT 

Heat  Units.  Heat,  like  electricity,  is  a  form  of  energy* 
and  therefore  must  be  measured  by  the  results  it  produces. 

A  heat  unit  (B.  T.  U.)  is  the  quantity  of  heat  required  to 
raise  the  temperature  of  1  lb.  of  water  1  degree.  Heat  manl« 
fests  itself  as  a  form  of  motion,  and  motion  requires  work  to 
produce  it;  therefore  the  relation  between  heat  and  work  is 
definite. 

Unit  of  Work.  Work  is  measured  by  the  results  due  to  its 
performance — ^for  instance,  the  raising  of  a  given  weight  a 
given  number  of  feet  One  pound  weight  raised  one  foot 
high,  is  one  foot-pound.  This  is  the  unit  of  work;  and  one 
heat  unit  will  raise  778  lbs.  weight  1  foot  high;  therefore  the 
mechanical  equivalent  of  heat  is  778  foot-pounds;  and  33,000 
lbs.  raised  1  foot  high  in  one  minute  of  time=one  horse- 
power. 

In  estimating  the  number  of  heat  units  required  to  raise 
the  temperature  of  the  air  in  a  building  a  given  number  of 
degrees,  it  is  necessary  to  know  the  number  of  cu.  ft.,  or 
number  of  pounds  weight,  of  air  at  constant  pressure  that 
will  require  to  be  heated.  This  result  could  be  easily  ar- 
rived at  if  the  specific  heat  of  air  were  the  same  as  that  of 
water;  but  as  it  is  not,  it  will  be  necessary  to  ascertain  the 
ratio  between  the  two.  The  specific  heat  of  water  is  taken 
at  1.  The  specific  heat  of  air  is  .238;  that  is,  if  1  heat 
unit  will  raise  the  temperature  of  1  lb.  of  water  1®,  .238  heat 
units  will  raise  the  temperature  of  1  lb.  of  air  1**.  The  volume, 
in  cu.  ft,  of  1  lb.  of  air  at  any  temperature  can  be  found  by 
the  following  formula: 
T+R 

V= , 

2.71p 
where  T=Temperature  by  thermometer. 
R= Absolute  temperature=460*. 
P=Pressure,  Barometer  at  30  inches. 
VrrVolume  in  cu.  ft 
Example — 

Let  T=40«';  P=14.7  lbs.    Then, 
40+460 

V= =12.6  cu.  ft=l  lb.  wt.  of  air  at  40». 

2.71X14.7 

488 
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To  raise  the  temperature  of  12.6  cu.  ft  of  air  l""  requires 
.238  heat  units;  and  to  raise  its  temperature  30**  (40''  to  TO"") 
will  require  30  times  .238=7.14  heat  units. 

Although  cu.  ft  of  space  is  not  so  important  a  factor  in 
heating  calculations  as  sq.  ft.  of  wall  surface,  still  it  is  very 
convenient  for  an  approximate  estimate  of  the  quantity  of 
heat  (numher  of  heat  units)  that  will  be  required  to  heat  a 
building  containing  a  given  number  of  cu.  ft.  of  space. 

Mr.  Richey,  Supt  U.  S.  Public  Buildings,  says: 

"Under  ordinary  conditions  one  horse-power  will  heat  ap- 
proximately, in: 
Brick  dwellings  in  blocks,  as  in  cities  15,000  to  20,000  cu.  ft 

Brick   stores,  in  blocks 10,000  to  15,000  cu.  ft 

Brick  dwellings,  exposed  all  sides 10,000  to  15,000  cu.  ft 

Brick  mills,  shops,  factories,  etc 7,000  to  10,000  cu.  ft 

Wooden  dwellings,  exposed 7,000  to  10,000  cu.  ft 

Foimdries  and  wooden  shops 6,000  to  10,000  cu.  ft. 

Blxhibition  buildings,  largely  glass 4,000  to  15,000  cu.  ft." 

33,000 

To  develop  one  horse-power  requires =43  heat  units 

778 
per  minute,  nearly;  and  knowing  this  factor,  and  the  cu.  ft 
of  space  to  be  heated,  the  size  and  capacity  of  the  heating 
plant,  whether  a  hot-air  furnace,  or  a  hot-water  or  steam 
heating  system,  may  be  estimated. 

The  value  of  fuel  is  estimated  by  the  number  of  heat  units 
generated  by  its  combustion.  From  the  formula  and  example 
already  given,  the  total  number  of  heat  units  needed  to  raise 
the  temperature  of  a  given  number  of  cu.  ft  of  air  to  any 
desired  temperature  can  be  easily  estimated. 

Specific  Heat.  Another  factor  to  be  considered  in  calculat- 
ing the  heat  producing  and  radiating  capacity  of  any  heating 
system,  is  the  specific  heat  of  the  materials  used  in  the  build- 
ing. The  specific  heat  of  any  substance  is  the  ratio  of  the 
number  of  heat  units  required  to  raise  the  temperature  of  a 
given  weight  of  that  substance  1**,  to  the  number  of  heat 
units  required  to  raise  an  equal  weight  of  water  1"*.  Table 
1  gives  the  specific  heat  of  ordinary  building  materials  and 
other  substances  directly  connected  with  heating  systems. 

TABLE  1 
Specific  i-leat  of  Various  Substances 
Substance  Specific  Heat 

Water   1.000 

Air,  at  constant  pressure 2375 
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Air,  at  constant  volume   1689 

Cast   iron    12S8 

Wrought   iron    :      .1138 

Soft  steel Iie5 

Glass   : 1977 

Oak  wood   67 

Plaster    2 

Masonry  / 2159 

Brickwork    1950 

Pine  wood  667 

Birch  wood 48 

Stones,  generally    21 

Although  specific  heat  is  not  shown  by  the  thermometer, 
still  it  must  be  considered  in  calculating  the  required  capacity 
of  a  heating  plant.  Especially  does  this  apply  to  buildings  in 
which  the  application  of  the  heat  is  intermittent — ^that  is, 
where  heat  is  used  through  the  day,  but  during  the  night  the 
rooms  are  allowed  to  cool,  thus  creating  a  condition  daily  re- 
quiring the  expenditure  of  an  extra  amount  of  heat  in  re* 
warming  the  walls.  Practice  and  experiment  show  that  a 
heating  plant  operating  under  such  conditions  should  have  at 
least  30  per  cent,  more  capacity  than  would  be  required  to 
heat  the  same  building  properly  provided  the  temperature  of 
all  the  rooms  were  maintained  continuously  at  a  certain  stand* 
ard,  say  70'  inside,  with  an  outside  temperature  of  zero. 

Exposure,  whether  on  north  side  (the  side  of  prevailing 
winds)  or  on  south  side  (only  slightly  exposed)  is  another 
feature  to  be  considered  in  these  calculations.  To  sum  np^ 
when  heat  is  shut  off  at  night  and  building  allowed  to  partly 

TABLE  2 

Required  Air  Changes  per  Hour  In  Various  ClaMes  of 
Buildings 

Changes 
Kind  of  building  per  Hour 

Residences  having  loose  windows 2 

Churches,  except  small  audience  rooms 4 

Smafl  churches  and  other  assembly  rooms 5  to    6 

Office  building,  rooms  above  grade 1 

General  basement 4 

Heating  plant 10 

Factories  having  no  mechanical  ventilation 1 

Factory   buildings,  having  large   doors  from  out 
side,  opened  frequently 4 
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cool,  heat  In  walls  is  dissipated,  and  must  be  replaced  each 
time  building  is  to  be  heated;  whereas,  if  an  even  temperature 
is  maintained  throughout  the  24  hours,  the  loss  of  heat  by 
absorption  and  dissipation  through  walls  is  greatly  decreased. 
LOSS  OP  HEAT  PROM  BUILDINGS 
This  occurs  owing  to  filtration  of  air  through  walls;  direct 
transmission  ^through  walls,  doors,  and.  windows;  passage  of 
air  up  and  out  through  foul-air  flues,  etc.  Ordinarily  the  air 
in  a  room,  or  rooms  will  change  about  once  each  hour,  assum* 
ing  all  doors  and  windows  to  be  closed.  The  American 
Society  of  Heating  &,  Ventilating  Engineers  recommend  air 
changes  per  hour  for  various  classes  of  buildings,  as  Indicated 
in  Table  2. 

Loss  of  heat  by  filtration  through  walls  and  leakage  of 
air  around  doors  and  windows,  depends  upon  the  kind  of 
material  of  which  the  walls  are  built,  and  the  character  of 
the  workmanship;  and  the  determination  of  this  loss  is  largely 
a  matter  of  judgment  Loss  of  heat  by  direct  transmission 
through  walls,  windows,  etc.,  and  the  passing  of  the  air 
through  foul-air  flues,  is  easily  determined,  and  depends  upon 
the  number  of  times  per  hour  that  the  volume  of  air  in  the 
room  or  building  is  changed;  also  on  whether  the  building  is 
allowed  to  cool  at  night,  or  is  kept  heated  continuously. 

Other  factors  to  be  considered  in  estimating  loss  of  heat 
from  a  building  are  the  different  ways  of  cooling.    There  are 
three;  (a)  by  radiation,  (b)  by  conduction,  (c)  by  convection. 
Radiation  of  heat  follows  the  same  laws  as  the  radiation 
of  light  does.    A  body  of  a  higher  temperature  will  always 
radiate  heat  to  the  body  of  lower  temperature,  and  the  num- 
ber of  heat  units  thus  given  off  will  depend  upon  (a)  differ- 
ence in  temperature  between  the  two  bodies;    (b)  material 
composing  the  radiating  surface;  (c)  substance  through  which 
the  heat  passes;  and  (d)  sq.  ft.  of  radiating  surface.    Table 
TABLE  3 
Radiating  Power  of  Various  Bodies 
Expressed  in  heat  units  given  off  per  sq.  ft.  per  hour  for 
a  difference  of  one  degree.    (Peclet.) 

Substance  Heat  Units 

Water   1.085 

Copper,  polished  0327 

Sheet  iron  0920 

Glass   595 

Cast  Iron,  rusted 648 

Building  stone,  plaster,  wood,  brick, 7358 

Woolen  stuffs,  any  color 7522 
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3  shows  the  radiating  power  of  various  substances  directly 
or  indirectly  connected  with  the  heating  of  buildings. 

Table  3  is  useful  mainly  in  calculating  required  number  of 
sq.  ft.  of  radiating  surface  for  properly  heating  a  room  or 
building. 

Loss  of  Heat  by  Conduction.  This  will  depend  upon  the 
type  of  conductor  through  which  the  heat  passes*  the  differ- 
ence in  temperature  \)etween  the  two  sides  of* the  plate  or 
wall,  and  thickness  of  wall.  Table  4  gives  the  conducting 
power  of  various  building  materials,  expressed  in  heat  unita 

TABLE  4 

Conducting  Power  of  Various  Materials 

Expressed  in  number  df  heat  units  transmitted  per  sq.  ft 

per  hour  by  a  plate  1  in.  thick,  the  surface  on  the  two  sides 

of  the  plate  differing  in  temperature  by  one  degree.    (Peclet.) 

Substance  Heat  Units 

Copper    515.0 

Iron 233.0 

Lead 113.0 

Stone  16.7 

Glass   6.6 

Brick  work   *    5.6 

Plaster    3.7 

Pine  wood   76 

Sheep's  wool 323 

Heat  lost  by  direct  passage  of  air  through  foul-air  flues 
depends  upon:  (a)  height  of  flue:  (b)  excess  of  temperature 
of  air  in  flue  above  external  air:  (c)  area  in  sq.  ft.,  or  fraction 
thereof,  of  flue. 

Table  5  shows  the  approximate  quantity  of  air  in  cu.  ft. 
per  minute  that  will  pass  a  flue  having  an  area  of  .5  sq.  ft, 
and  governed  by  conditions  indicated  regarding  height  and 
temperature. 

Convection  Losses.  Calculations  of  losses  of  heat  by  con- 
vection are  complicated,  and  space  will  not  permit  here  an 
elaborate  discussion  of  the  subject.  These  losses  are  en- 
tirely independent  of  the  kind  of  material  composing  the  body 
from  which  heat  is  lost,  but  they  are  affected  by  the  shape 
or  form  of  the  surface. 

For  instance,  the  amount  of  heat  lost  per  sq.  ft.  by  a 
cylindrical  surface  differs  from  the  amount  lost  from  a  spheri- 
cal surface.  In  the  radiator  of  the  ordinary  type,  the  loss  of 
heat  by  contact  with  fluid  currents  (as  of  air) — or  convection, 
as  it  is  termed — ^represents  one-half  the  total  amount  of  heat 
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distributed  by  the  radiator.  This  Is  owing  to  shape  of  radiator 
columns.  The  balance  of  the  heat  leaving  the  radiator  is  dis- 
tributed by  radiation. 

Problems  in  Heat  Losses.  Table  6  and  Problems  1  and  2 
are  presented  in  order  to  show  loss  of  heat,  or  rather  waste 
of  fuel,  that  may  be  charged  directly  to  the  practice  of  allow- 
ing  the  temperature  of  a  building  to  drop  during  the  night» 
and  then  reheating  it  the  next  morning.  No  account  is  taken 
of  the  extra  quantity  of  fuel  consumed  in  bringing  the  tern* 
perature  of  the  heating  plant  up  to  normal  conditions  each 
morning..  Table  6  is  calculated  on  the  basis  of  an  in- 
crease of  70**  in  temperature.  If,  instead  of  70"*,  the  required 
increase  is  but  25,  35,  or  40^,  as  the  case  may  be,  the  num* 
her  of  heat  units  required  would  be  lessened  in  proportion. 

A  glance  at  Table  1  will  show  the  quantity  of  heat,  ex- 
pressed in  heat  units,  or  fractions  thereof,  required  to  in- 
crease  by  one  degree  the  temperature  of  one  pound  of  any 
given  material  used  in  the  construction  of  the  average  build- 
ing. Experiments  and  investigations  prove  that  the  loss  of 
heat  in  the  manner  previously  described — ^namely,  by  absorp- 
tion and  transmission  through  walls  of  buildings,  is  practically 
the  same,  regardless  of  material  used  in  construction.  Ma- 
sonry and  concrete  walls,  if  solid,  will  absorb  and  dispense  a 
fixed  quantity  of  heat;  while  wooden  buildings  have  an  air- 
space between  inner  and  outer  walls,  which  is  a  valuable 
factor  in  the  retention  of  the  heat,  owing  to  the  fact  that 
air  is  a  poor  conductor.  Of  course,  thin  walls  of  any  type  of 
construction  will  lose  more  heat  during  a  given  time  than 
thick  walls  will. 

Probleme — Assume  outside  temperature  at  0^  F.;  inside 
temperature  to  be  70"*  F.;  weather  conditions,  calm,  no  wind 
blowing;  heat  to  be  maintained  continuously. 

(1).  Assume  a  brick  building  described  as  follows:  Avei^ 
age  thickness  of  walls,  1^  ft.;  total  exposure,  4,350  sq.  ft; 
total  cu.  ft.  of  brlckwork=:4,350X  1.5=6,525.  Allow  120  lbs. 
weight  per  cu.  ft.;  total  wt=6,525 XI 20=783,000  lbs.  Allow 
for  wt.  of  wood  work,  inside  finish,  etc.,  42,282  lbs.  Allow  for 
wt.  of  plaster,  18,792  lbs.  Air,  64,600  cu.  ft,  which,  at  .08 
lb.  per  cu.  ft.,  weighs  5,168  lbs.  Wt  of  glass  and  other  ap- 
purtenances included  in  wt.  of  walls.  How  many  units  of 
heat  will  be  required  to  raise  temperature  of  air  in  this 
building  from  0°  to  70"*?    Reference  is  made  to  Table  1. 

(2)  How  many  pounds  of  coal  will  require  to  be  burned 
in  order  to  produce  the  above  quantity  of  heat,  and  effect  this 
change  in  temperature  of  the  building  within  3  hours'  time? 
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TABLE  6 

Specimen  Calculation  of  Necessary  Heat  Units  for  Warming  a 
Brick  House 

Weight    Speclflc         Heat 
Material  ^  (Lbs.)      Heat  of        Units 

Brick  walls  783,000 X. 1950 X 70*» =10,687,950 

Wood  work  42,282X.5       X70*'=  1,479,800 

Plaster   18,792x.2       X70**=     263,088 

Air  (in  building)  6,168 X. 2375X70'*=       85,918 


12,516.756 
Add  15  per  cent,  for  furniture,  etc =  1,877,513 


Total  number  of  heat  imits  required =14,394,269 


The  answer  to  Problem  2  will  depend  upon  kind  of  coal 
used,  and  number  of  heat  units  contained  in  each  pound  wt. 
of  same.  To  facilitate  calculations  of  this  kind.  Table  7 
is  given,  showing  heating  values  of  various  American  coals. 

Assume  the  coal  being  used  in  the  heating  plant,  to  have 
a  heat  value  of  15,070  heat  units  per  lb.  Total  number  of 
heat  imits  required=14,394,269.  Then  number  of  lbs.  coal  re- 
quired=14,394,269-t-15,070=955  lbs. 

This  process  can  be  applied  to  any  size,  or  type  of  heating 
system,  whether  the  medium  for  applying  the  heat  be  steam, 
hot  water,  or  warm  air. 

(3)  How  many  heat  units  must  be  developed  in  order  to 
maintain  a  constant  temperature  of  70°  in  a  building;  outside 
temp.=0°?    Air  changes  per  hour=2. 

This  problem  relates  directly  to  size  and  capacity  of  plant. 
Therefore  it  is  necessary  to  sum  up  total  losses  of  heat  from 
all  sources. 

For  convenience  these  losses  may  be  expressed  in  heat 
units  per  sq.  ft.  of  surface  exposed  to  heat  on  one  side,  and 
cold  on  the  other.  Losses  due  to  changes  of  air  at  2-hour 
Intervals,  will  be  expressed  in  heat  units  per  cu.  ft.  of  air, 
taking,  first,  loss  by  filtration  of  air  through  walls,  partly 
opened  doors,  and  other  passages,  which  have  a  direct  bear- 
ing upon  the  number  of  times  per  hour  that  the  air  is 
changed. 

There  are  approximately  13  cu.  ft.  of  air  in  1  pound;  and 
if  .2375  heat  unit  will  raise  its  temperature  1°,  one  heat  unit 
will  heat  13-f-.2375=54.7,  or,  in  round  numbers,  55  cu.  ft.  of 
air  1». 
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Using  this  number  as  a  constant,  the  number  of  heat  units 
required  to  heat  a  given  number  of  cu.  ft  of  air  may  be 
found  by  Formula  1: 

VXCXD 

B.  T.  U.=: (1) 

55 
Where  B.  T.  IT— No.  of  heat  units. 

C=No.  of  air  changes  per  hour. 
V= Volume  in  cu.  ft.  to  be  heated. 
D=Degrees    difference   between    temp,   of   out- 
side air,  and  air  in  room. 
55=Cu.  ft.  of  air  heated  1"*  by  1  heat  unit 
Example— Let  V=64,600;   C=2;   D=70^     Then, 
B.  T.  U=64,600X2X70-f-55=164,436. 

TABLE  7 
Approximate  Heating  Values  of  Various  American  Coals 

Heating  Value  per  Lb., 
Kind  of  Coal  in  Heat  Units 

Anthracite — 

Northern  coal  field   13,160 

East  Middle  coal  field 13.420 

West  Middle  coal  field  12,840 

Southern  coal  field 13,220 

Semi-Bituminous — 

Broad  Top,  Pa 14,820 

Cambria  County,  Pa.   14,450 

Cumberland,  Md 14,400 

Pochantas,  Va 15,070 

New  River,  W.  Va 15,220 

Bituminous — 

Connellsville,  Pa. 14,050 

Pittsburgh,   Pa 13,410 

Jackson  County,  Ohio  13,090 

Hocking  Valley,  Ohio   12,130 

Scott  County,  Tenn 13,700 

Big  Muddy,  111 12,420 

Mt.  Olive,  ni 10.490 

Missouri    12,230 

Loss  of  Heat  due  to  window  surface  depends  upon  the  kind 
of  window,  also  the  velocity  of  the  wind.  For  present  pur> 
poses,  the  average  velocity  of  wind  may  be  taken  at  12^ 
miles  per  hour,  at  which  rate  the  loss  of  heat  per  sq.  ft  of 
single-thick  common  gla8s=1.09  B.  T.  U  per  degree  of  differ- 
ence in  temperature  between  outside  and  inside  air.     For 
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doable  windows,  the  loss   would  be   about  half  the  above 
amount. 

Example — ^Assume  a  "single  window"  surface  of  300  sq.  ft 
Temp.  dlfference^TO**.  What  Is  the  loss  In  heat  units  per 
hour  through  this  window  surface  with  a  wind  velocity  of 
12%  miles  per  hour?  B.  T.  U.=1.09X  300X70=22,890.  Total 
loss  In  2  hours=22,890X  2=45.780  B.  T.  U. 

Heat  for  Ventilation.  In  addition  to  losses  of  heat  thus 
far  listed,  a  large  proportion  of  heat  passes  ofT  with  the  air  re- 
quired for  ventilation,  which  finds  an  outlet  through  the 
ventilating  flues.  This  loss  may  be  estimated  by  using  For- 
mula 2: 

VXD 

B.  T.  U= (2) 

66 
Where  V= Volume  of  air  passing  per  mln..  In  cu.  ft 

D=Dlfference  In  temp,  between  outside  air,  and  air 

In  ventilating  flue. 
65=Cu.  ft  of  air  heated  1"  by  1  heat  unit 
Reference  to  Table  5  shows  that  271  cu.  ft.  of  air  will 
escape  per  minute  through  a  6X12-ln.  flue  50  ft.  high,  when 
excess  of  temp.  In  flue  Is  50**  above  outside  air.    Assume  two 
such  flues  for  the  building  under  discussion.    Total  volume  of 
air  escaping  in  this  manner  per  hour,  then,  wlll=:271X2X60= 
32,520  cu.  ft    This  would  effect  a  change  of  air  in  the  build- 
ing in  a  little  over  2  hours.     Applying  Formula  2,  we  have 
the  following  values:  V=271  cu.  ft;   D=50'*.    Then, 
B.  T.  U.=271X2X60X 50^-55=29,564. 
Total  loss  In  2  hours=29,564  X  2=59,128  heat  units. 
Summing  up  we  have: 
Heat  loss  due  to  filtration  through  walls,  etc.  .  .164,436  B.T.U. 

Heat  loss  through  window  surface 45,780      " 

Heat  loss  due  to  ventilation 59,128      " 

Total  heat  to  be  supplied  each  2  hours 269,344 

Prof.  R.  C.  Carpenter,  in  "Heating  and  Ventilation  of 
Buildings,"  gives  the  following  general  formula  for  finding 
number  of  heat  units  required  per  hour  to  replace  losses. 

h=(.02nC+G+%W)t 

where,  n=Number  of  changes  per  hour; 
C= Volume  of  room.  In  cu.  ft.; 
GzrArea  of  window  surface.  In  sq.  ft; 
W=Area  of  exposed  wall  surface,  in  sq.  ft.; 
t=Difrerence  in  temp,  outside  and  inside  air. 
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Taking  same  building,  let  n=:2;  C=64,600  cu.  ft;  G=300  sq. 
ft;  W=4,350  sq.  ft;  and  t»70  degrees.    Then, 

4,350 
h=  (64,600 X. 02 X 2+300+ -^)X 70=278,040  B.  T.  U. 

These  results  agree  very  closely. 

Considerable  sp^ce  has  been  devoted  to  an  explanation  of 
the  use  of  the  heat  unit  (B.  T.  U.)  in  calculations  for  sizes  and 
capacities  of  heating  plants,  for  the  reason  that  by  its  use 
such  calculations  may  be  greatly  simplified,  and  made  to 
apply  to  any  and  all  systems  of  heating.  The  heat  required 
to  heat  a  given  sized  building  can  be  measured  In  heat  units; 
likewise  the  heat  units  contained  in  a  pound  of  any  particular 
variety  of  coal  can  be  ascertained.  It  is  then  an  easy  matter 
to  make  these  two  important  factors  balance  each  other  by 
a  correctly  designed  heating  plant;  one  that  has  the  capacity 
to  bum  the  required  weight  of  coal  with  the  proper  degree 
of  combustion. 

RADIATING  SURFACE 

Square  feet  of  radiation  required  for  steam  or  hot-water 
heating  depends  upon;  (a)  number  of  heat  units  required  to 
produce,  and  maintain  continuously  the  desired  temperature 
in  the  room  or  rooms  to  be  heated.  (Rules  and  formula  for 
calculating  this  have  already  been  given.)  (b)  Kind  of 
system  employed,  for  heating,  (c)  Pressure  carried,  (d) 
Altitude  above  sea  level.  The  last  is  an  important  factor,  as, 
for  instance,  water  at  sea  level  boils  at  212'*  F.,  while  at  an 
altitude  of  500  ft  the  boiling  point  is  211'*;  at  1,000  ft,  210*; 
and  so  on — thus  decreasing  in  the  ratio  of  l"*  for  each  500 
ft  increase  in  altitude.  At  10,000  ft.  above  sea  level,  water 
boils  and  steam  is  generated  at  a  temperature  of  192''  F. 

Since  the  number  of  heat  units  released  per  hour  per  sq. 
ft.  of  radiating  surface  depends  upon  the  temperature  of  the 
heating  medium  within  the  radiator,  it  is  eviden{  that  in- 
crease of  altitude  calls  for  either  a  proportionate  increase  of 
radiating  surface,  or  a  correspondingly  higher  pressure  of 
steam. 

Three  kinds  of  radiation  are  in  use — direct,  Indirect,  and 
direct-Indirect 

The  term  radiating  surface  means  the  number  of  sq.  ft  of 
iron  (wrought  or  cast)  directly  in  contact  with  the  heating 
medium  (steam  or  hot  water),  assuming  the  iron  to  have  a 
fiat  surface. 

Tables  8  to  12  show  sq.  ft  of  radiating  surface  per  se<> 
tion  in  various  sizes  of  cast-iron  radiators.    The  total  sq.  txL 
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In  any  size  radiator  given  in  the  tables  can  easily  be  calcu- 
lated from  these  tables,  which  have  been  supplied  by  the 
McCrum-Howell  Co.,  of  New  York. 

TABLE  8 

Single-Column   Radiator 
Steam  and  Water 
Width  of  section  across  top  5^,  and  legs,  6  1/16  In.   Width 
at  middle.  4^  in. 
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*Add  ^-inch  for  each  bushing,  to  get  total  length  meas- 
nrement  of  radiator. 

Rulea  for   Estimating   Radiating   Surface 
A  simple  rule  ordinarily  applicable  to  steam  or  hot-water 
heating  systems  is  called  the  2,  20,  and  200  rule.    This  rule, 
when  applied  to  steam  heating,  allows  1  sq.  ft.  of  radiation 
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TABLE  9 
Two-Column  Radiator 
Steam  and  Water 
Width  of  section  across  top  and  legs,  8  3/16  in.;  width  at 
middle,  7%  In. 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


31 


5 

7H 
10 

30 

32H 

35 

37H 

40 

42H 

45 

47H 

50 

52H 

55 

S« 
g« 
?S« 
?i« 
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III 


10 
15 
20 
25 
30 
35. 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
ISO 
135 
140 
145 
150 
155 
160 


it  a 


8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 
108 
112 
116 
120 
124 
128 


S5^ 


iS' 


H 


13H 

20 

26  Ji 

30 

33K 

36?i 

40 

43H 

46H. 

50 

w 

60 
63^ 

80 
83  J< 

90 
93H 


llf 


lOH 

w 

26» 
298 


34K 

%. 

48 

56 
68K 

66H 

P 

80 

82H 

85H 


9H 

i 
p 

SSI 

42 

w 

51 H 
63 

P 

70 

?5^ 


4 
6 
8 
10 
1^ 
14 
16 
18 
20 

^ 

26 
28 
30 
32 
84 
86 
88 
40 
43 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 


4 

6; 

8 
10 
12 
14 
16 
18. 
20 
22 
24 
26 
28 
80' 
32 
84 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 


*Add  %  inch  for  each  bushing,  to  get  total  length  measure* 
ment  of  radiator. 


to  each  2  sq.  ft.  of  glass  and  door  surfsxse  In  a  room;  1  sq. 
ft  of  radiation  for  each  20  sq.  ft  of  "exposed  wall  surface;" 
and  1  sq.  ft  of  radiation  for  each  200  cu.  ft  of  contents  or 
air-space,  it  being  understood  that  the  temperature  in  the 
room  is  to  be  maintained  at  70^  while  external  temp,  is  0*. 
For  hot-water  heating,  add  60  per  cent  to  amount  of  radiation 
as  figured  for  steam;   and  when  it  is  necessary  to  provide 
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TABLE  10 
Three-Column  Radiator 
Steam  and  Water 
Width  of  section  across  top  and  legs,  9%  in.;  width  at 
middle,  9  in. 


.a 

J 

HEATING  SURFACE-SQUARE  FEET 

^ 
S 

1. 

III 

ih 

111 

cJ   n^  i 

K  t:  w 

II- 

2 

5 
7H 

,12 

18 

10 
15 

9 
13H 

ll^ 

6 
9 

l^ 

i^ 

4 

.10 

24 

^0 

18  V 

15 

12 

11 

11 

5 

12>S 

30 

25 

22>^ 

18K 

15 

135< 

13k 

6 

15   . 

36 

30 

27 

22H 

18 

16H 

16H 

7 

17>^ 

42 

35 

31H 

26K 

21 

19>^ 

19)1 

d 

.20- 

48 

40 

36 

30 

24 

22 

22  • 

9 

22>^ 

r     54 

45 

40H 

33K 
37H 

27 

24^ 

24^ 

^0 

25 

60 

50 

45 

30 

27^ 

27U 

11 : 

g^ 

66 

55 

49yi 

41 M 

33 

30^ 

30^ 

12 

72 

60 

54 

45 

36 

33 

33 

13 

2?^ 

78 

65 

58  J^ 

.485< 
62H 

39 

35K 
38H 

14 

35 

84 

70 

63 

42 

38H 
41K 

15 

3I>^ 

90 

75 

e7H 

56>i 

45 

41K 

16 

40. 

96 

80 

72 

60 

48 

44 

44 

17 

42H 

102 

85 

7QH 

635< 
67H 

51 

49H 

18 

45 

108 

90 

81 

54 

49)4 
52)1 

19 

47H 

114 

95 

85>4 

7l>i 

57 

52h 

20 

50 

120 

100 

90 

75 

60 

55 

55 

21 

52H 

126 

105 

94H 

l^H 

63 

67K 
60H 

57K 
60)| 
63)1 

22 

^,> 

132 

110 

99, 

82>4 

66 

i? 

57>^ 

138 

115 

103H 

86)^ 

69 

63  >i 

60 

144 

.  120 

108 

90 

72 

66 

66 

25 

62H 

150 

125 

\\2\i 

93  H 

75 

68K 
71H 

68^ 

26 

65 

156 

130 

117 

97H 

78- 

71)5 

27 

67>^ 

162' 

135 

121H 

101 K 

81 

74>2 

•74)4 

28 

70 

168 

140 

120- 

105 

84 

77 

77 

29 

72H 

174. 

145 

130H 

87 

im 

79K 

30 

75  . 

180 

150 

135 

utS 

90 

82H 

82)4 

31 

77H 

186 

155 

139H 

116^ 

93 

85K 

85)i 

32 

80 

192 

IGO 

144       !120  ' 

96 

88 

'  88 

*Add  ^  inch  for  each  Bushing  to  get  total  length  meas- 
urement of  Radiator. 

for  a  wider  range  of  temperature,  1%  per  cent  of  radiation 
should  be  added  for  each  degree  below  zero. 

"Exposed  wall  surface"  means  the  entire  outside  surface 
of  the  room  to  be  heated. 

Square  feet  of  radiation  required  for  each  room  should 
be  calculated  separately. 

To  demonstrate  above  rule,  takiB  as  an  example  the  liv- 
ing  room  of  a  certain  residence.    First,  assume  window  sur- 
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TABLE  11 
Four^olumn  Radiator 
Steam  and  Water 
Width  of  section  across  top  and  legs,  13  in.    Width  at 
middle.  12  3/16  in. 


n 

J 

HeATlNQ  Stri^FACE— SQUARE  FEET 

o 

H  * 

*3g 

is  6 

|l 

fii 

¥j 

J 

III 

IH 

d{^ 

^, 

^?^^ 

Sa;!l 

«SR^ 

S^^ 

* 

egW 

e^is 

m3^ 

C1-4I 

CIrt 

^PS 

2 

5 

IS 

1^ 

I3H 

10?i 

m 

7 

7 

3 

7H 

27 

24 

20 

16 

14 

lOH 

lOH 

4 

10 

3^ 

32 

£6?^ 

21 1^ 

IS's 

14 

U^ 

5 

im 

45 

40 

33>i 

26^ 

23>^ 

175i 

17H 

6 

IS 

d4 

43 

40 

32 

2S 

21 

21 

7 
S 

72 

56 
64 

'^ 

V.^ 

32^f 
37^ 

24  H 
28 

24H 

2S 

9 

22H 

81 

72 

60 

43 

42 

31.4 

am 

10 

25 

90 

SO 

66^ 

^H 

4G^i 

35 

35^ 

11 

27H 

(^ 

SS 

73H 

58H 

51 H 

3SU 

3S^ 

12 

30 

108 

90 

m 

04 

56 

42 

42 

13 

32  H 

117 

101 

B6H 

mn 

mu 

45^ 

45  M 

14 

35 

126 

112 

93H 

74H 

OSH 

40 

49^ 

15 

:j7Li 

n5 

120 

100 

so 

70 

S2^ 

62>i 

56 

la 

40 

144 

128 

\mH 

85H 

74^ 

3<i 

17 

42V3i 

IM 

136 

nsH 

0O?i 

79H 

09  >S 

59  U 

IS 

4^1 

162 

144 

120 

00 

S4 

63 

63 

10 

47H 

171 

152 

12fl5i 

101^ 

SS?i 

my^ 

?S^ 

20 

£^D 

180 

tiW 

133  H 

106H| 

»3H 

70 

21 

53H 

189 

ItiS 

140 

112 

OS 

73  H 

73« 

S3 

&5 

198 

176 

1I6H 

niH 

102  H 

77 

S3 

5734 

207 

184 

15aH 

122H 

3?;^ 

RO^^ 

SOU 

S4 

60 

216 

102 

IGO 

12§    ' 

112 

S4 

R4 

25 

62  J^ 

325 

200 

IflGK 

233K 

nf^% 

S7K 

S7H 
91 

26 

C5 

234 

208 

I73h 

13S*^ 

121,4 

91 

27 

07H 

243 

216 

180 

144 

120 

94H 

04  H 
96 

2& 

70 

2fj2 

224 

\mH 

149K 

130?^ 

98 

2& 

72  ^ 

261 

,2.12 

193M 

^'-^JSi 

135H 

101  H 

lOiH 

10,1 

30 

75 

270 

240 

2O0 

ICO 

140 

105 

31 

77  >^ 

27& 

21 B 

206M 

165  Ji 

144?^ 

lOMU 

lOSM 
H2 

32 

60 

2gS 

250 

2im 

170^9 

u^H 

112 

•Add  %  inch  for  each  Bushing  to  get  total  length  meas- 
urement of  Radiator. 

face  to  approximate  46  sq.  ft.  Allowing  1  sq.  ft.  of  radia- 
tion per  2  sq.  ft.  of  glass  Will  require  46  -4-  2  =  23  sq.  ft.  of 
radiation  to  halance  heat  loss  due  to  this  source. 

Second,  as  to  exposed  wall  surface,  assume  dimensions 
of  exposed  wall  to  be  17  ft  along  one  side,  and  15  ft.  across 
the  end.  CeiUng  is  10  ft  high.  Then,  17+15X10=320  sq 
ft  From  this,  deduct  the  46  sq.  ft  of  glass  and  door  ^? 
face,  which  will  leave  320 — 46=274  sq.  ft  of  exposed    'Wall 
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TABLE  12 
Six-Column  Radiator 
St^am  and  Water 
Width  of  section,  12^  in.  at  top;  at  middle,  12  in.;  and 
width  across  feet,  13  in. 


i 

5' 
6 
7. 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 


6 
9 
12 
16 
18 
21 
24 
27 
30 
83 
36 
89 
42 
46 
48 
61 
64 
67 
60 
63 
66 
69 
72 
76 
78 
81 
84 
87 
90 
•3 
06 
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III 
III 


12 
18 


36 
42 
48 
64 

60 
66 
72 
78 
84 
90 
96 
102 
108 
114 
120 
126 
132 
138 
144 
150 
166 
162 
168 
174 
180 
186 
102 


I 


lOK 

16 
2l}i 

^^ 
32 

37H 

g^ 

64 
69H 

86H 
90H 
96 
101 H 
106^ 
112 
117H 
122?^ 
128 
133H 
13|H 

149M 

154H 

160 

165H 

170?^ 


& 


tV 


74H 

88H 

98 

102H 
107H 
112 
116M 
121 H 
126 
130H 
136H 
140 
144M 
149H 


8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
66 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 
108 
112 
116 
120 
124" 
128 


8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
62 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 
100 
104 
108 
112 
116 
120 
124 
128 


^Add  %  inch  for  each 
orement  of  Radiator. 


Bushing  to  get  total  length  meaa- 


AUowing  1  sq.  ft.  of  radiation  for  each  20  sq.  ft.  of  exposed 
wall  surface,  calls  for,  274-t-20=14  sq.  ft  of  radiation  to 
balance  loss  of  heat  due  to  this  source. 

Third,  as  to  amount  of  radiation  required  for  actual  heat- 
ing of  the  room.  Dimensions  of  the  room  are*  17  by  15  by 
10  ft,  which,  multiplied  together,  show  the  volume  to  be 
2,550  cu.  ft  Allowing  1  sq.  ft  of  radiation  for  each  200  cu. 
ft  of  contents,  results  in  2,550-f-200=:13  sq.  ft  of  radiation. 
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which  is  the  amount  actually  required  to  heat  the  cubic  con- 
tents of  this  room. 

This  gives  a  total  of  23+14+13=50  sq.  ft  of  radiaUon 
necessary  to  heat  the  room  to  70**  with  steam  at  2  lbs.  pres- 
sure in  zero  weather. 

Adding  60  per  cent  to  50  sq.  ft  will  give  80  sq.  ft  as 
the  amount  of  radiation  required  in  case  hot  water,  instead 
of  steam,  is  used  as  the  heating  medium. 

In  making  this  estimate  of  radiation  required  for  the  living 
room,  all  fractions  have  been  counted  as  1  sq.  ft,  and  the 
same  plan  may  safely  be  followed  in  calculations  for  othei 
rooms. 

Table  13  serves  to  illustrate  a  practical  method  of  est!* 
mating  the  total  number  of  sq.  ft  of  radiation  required  for  a 
2-story  residence  building.  The  radiating  surface  required 
for  each  room  is  estimated  separately.     This  table  is  cal- 

TABLE  13 

Schedule  of  Radiation 
FIRST  FLOOR 


lUdift. 
tion. 
Hoi- 
Water 
Hftiac 


ROOMS 


.PL 


Sq.Ft 
of  Wall 
(Except 
Glan) 


Contents 
(Cu.Ft.) 


Sq.F( 
Radi 


FLof 


tion, 
Steam 


Per  Cent 
Added 
for  Hot 
Water 


Vestibule. . .  . .. 

Reception  Hall. 
Living  room. . . . 

Dining  room. . . 

Library 

Kitchen 

Toilet  room.  , . . 
Pantry 


21 
33 

46 
40 
38 
28 
8 
14 


221 
274 
100 
122 
192 
52 
116 


180 
2975 
2550 
2560 
1490 
1560 
270 
400 


13 
43 
50 
38 
32 
32 
8 
15 


SECOND  FLOOR 


50 
60 
60 
60 
60 
50 
50 
50 


20 
68 
80 
61 
51 
48 
12 
23 


Family  room 

35 
33 
15 
25 
18 
18 
24 
8 

190 
66 
120 
128 
125 
153 
147 
46 

1350 

1098 

604 

1521 

1350 

810 

945 

486 

35 

25 
17 
27 
22 
22 
24 
10 

60 
50 
50 
50 
50 
55 
50 
70 

56 

Family  bedroom 

Alcove 

38 
26 

Guest  room 

41 

Chamber 

33 

HaU 

34 
36 

Bathroom 

17 

Totals  in  Sq.  Ft 

413 

644 
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enlated  on  the  basis  of  the  2,  20,  and  200  rule.  The  dimen- 
sions of  the  different  rooms  are  not  given,  as  these  factors 
are  easily  obtained  by  measuring  the  rooms.  The  table  Is 
given  as  a  guide  to  be  followed  by  the  estimator  In  cal- 
culating the  heating  surface  necessary  In  each  room.  The 
"range  of  temperature"  Is  assumed  to  be  10" — that  is,  in- 
terior air  to  be  70*",  with  an  outside  temperature  of  zero. 
The  figures  given  are  adapted  to  the  use  of  any  standard 
xnake  of  cast-iron  radiator. 

Another  rule,  which  may  be  termed  a  "rule  of  thumb,'* 
giving  an  approximate  estimate  of  the  sq.  ft.  of  radiation 
required  for  healing  various  types  of  buildings,  is  condensed 
In  Table  14.  The  numbers  given  represent  the  cu.  ft  of 
air  in  the  room  or  building  that  1  sq.  ft  of  radiation  will 
beat  These  numbers  are  to  be  used  as  constants  for  divid- 
ing the  cubic  contents  of  the  room,  the  quotient  showing  the 
aq.  ft  of  radiation  required. 

TABLE  14 

Approximate  Heating  Capacity  of  1  8q.  Ft.  of  Radiation 

Cu.  Ft 
Living  room,   with   large   glass    exposures    (2    or    3 

windows) 40 

Bath  room  under  same  conditions   40 

Living  room  with  large  glass  surface  (1  or  2  exposures)  50 

Living  room  with  fair  amount  of  glass  (1  exposure) . .  60 

Sleeping  rooms    55  to  70 

Halls    50  to  70 

Schoolrooms 60  to  80 

Churches  and  public  Assembly  Halls 65  to  100 

Factories  and  Shops 75  to  150 

Example — Living  room  with  large  glass  surface  (1  or  2 
exposures.)  Contents  in  cu.  ft  =  2,550.  Sq.  ft  of  radiation 
required  =  2,550  h-  50  =  51  sq.  ft 

This  result  is  practically  the  same  as  that  shown  in  Table 
13,  where  50  sq.  ft.  is  given  as  the  amount  of  radiation  re- 
quired for  the  same  room. 

These  rules  are  given  for  direct  steam  radiation,  steam  at 
2  lbs.  gauge  pressure,  which  is  the  usual  rating;  and  differ- 
ence between  temperatures  of  steam  in  radiators  and  air  in 
rooms  ranging  from  140*"  to  150*.  . 

For  Indirect  radiation,  add  25  per  cent,  and  for  direct- 
Indirect,  add  50  per  cent,  to  sq.  ft.  of  radiation.  If  hot  water 
is  used  as  the  heating  medium,  add  33%  per  cent  to  sq.  ft 
of  radiation  required  for  direct  steam. 
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Baldwin's  rule  for .  estimating  the  radiating  surface  x^ 
quired  is  adapted  to  tlie  various  conditions  of  pressure  and 
temperature  encoimtered  in  steam,  or  hot-water  heating.  This 
rule  is  as   follows: 

Divide  the  difference  between  the  temperature  at  which 
the  room  is  to  be  kept  and  the  coldest  outside  temperature, 
by  the  difference  between  the  temperature  of  the  steam  in 
the  radiator  and  that  at  which  the  air  in  the  room  is  to  be 
kept  The  quotient  will  be  the  sq.  ft.  of  radiating  surface 
to  be  allowed  for  each  sq.  ft.  of  equivalent  glass  surface. 

By  "equivalent  glass  surface"  is  meant  the  wall  surftice 
divided  by  4,  plus   the  glass  surface. 

In  using  these  various  rules,  certain  factors  called  factors 
for  exposure  are  to  be  used.  For  instance,  20  to  30  per  cent 
should  be  added  when  the  room  or  building  has  a  north  or 

TABLE  15 

Properties  of  Steam  for  Heating 

Radiation  based  upon  capacity  of  direct-acting  3-column 
cast-iron  radiator.  Pressures  and  temperature  shown  are 
calculated  for  altitudes  not  higher  than  600  feet  above  sea 
level. 

DecreMDiffor- 
Heat  TTnits  enoe  between 


Gauge  Pres- 
sure at 
Boiler  (LU. 
pcrSq.In.) 

Temp,  of 

Steam  io 

Boiler  (De- 

greeaF.) 

0 

212 

1 

215 

2 

219 

3 

222 

4 

224 

6 

227 

6 

229 

7 

234 

8 

235 

9 

237 

10 

240 

11 

242 

12 

244 

15 

249 

20 

259 

25 

267 

30 

275 

Temp,  of       ^     Transmitted       Temp.ofRadi- 
Steam  in  per  Sq.  Ft.  of       ator  and  Tempi 

Radiator  Radiattoa  per  of  Air  in 

(DegTMS  F.)  Hour  Room 

201  216  131 

204  218  134 

208  220  138 

210  224  140 

212  227  142 

215  232  146 

220  239  150 

223  244  153 

224  246  154 
226  247  156 
228  251  158 
230  253  160 
232  255  162 
239  270  169 
247  295  177 
268  310  188 
266  333  196 
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northwestern  exposure,  and  the  winds  are  severe.  For  a 
building  heated  only  in  the  day  time,  and  permitted  to  cool 
at  night,  add  20  per  cent;  for  a  building  heated  only  occa- 
sionally—as, for  instance,  a  church  or  assembly  hall — add  40 
to  60  per  cent. 

Pressures  and  Temperatures 

In  all  calculations  for  size  and  capacity  of  a  steam  heat- 
ing system,  the  pressure  under  which  the  system  is  to  be 
operated  must  be  taken  into  account  if  accurate  results  are 
desired. 

Table  15  shows  pressures  and  temperatures  of  steam  at 
various  stages  from  0  up  to  30  lbs.  The  same  table  ishows 
number  of  heat  units  transmitted  per  hour  per  sq.  ft.  of 
radiation,  at  the  various  temperatures. 

Temperature  of  air  in  room  is  assumed  to  be  70*.  No 
reference  to  outside  temperature. 

The  use  of  Table  15  for  estimating  required  sq.  ft.  of 
radiation  necessitates  the  use  of  the  heat  unit  Such  cal- 
culations will  give  more  accurate  results,  and  are  also  better 
adapted  to  all  conditions  of  pressure  and  temperature. 

Knowing  the  total  loss  in  heat  units  per  hour  from  the 
building,  the  sq.  ft.  of  radiation  required  to  balance  this 
loss  may  be  easily  calculated  for  any  of  the  pressures  given 
In  the  table,  by  the  following  rule  (assuming  radiation  to 
be  direct): 

Divide  total  loss  in  heat  units  per  hour  from  the  build- 
ing, by  the  number  of  heat  units  transmitted  per  hour  per 
sq.  ft.  of  radiating  surface  at  the  difference  in  temperature  be> 
tween  air  in  building  and  steam  in  radiators.  As  an  example, 
take  the  building  previously  referred  to,  in  which  total  heat 
loss  from  all   sources  in  2  hours'   time  was   found  to  be 

269,344 

269,344  B.  T.  U.    One-half  of  this  number, =  134,672, 

2 
the  number  of  heat  units  lost  per  hour,  which  must  be  sup- 
plied direct  from  the  radiators. 

Assuming  gauge  pressure  at  boiler  to  be  2  lbs.,  how  many 
eq.  ft.  of  radiation  will  be  required  to  balance  this  loss?  Ref- 
erence to  Table  15  shows  that  with  boiler  pressure  at  2 
lbs.  gkuge;  and  a  difference  of  138"^  between  temperature 
of  air  in  room  and  of  steam  in  radiator,  there  will  be  220 
heat  units  transmitted  per  hour  per  sq.  ft.  of  radiating  sur* 
faca     ThereforOr  total  heating  surface  required  will  be: 


1 
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134,672 


220 


=r  613  sq.  ft 


Estimated  by  the  2,  20,  and  200  rule,  the  amount  of  radia- 
tion required  is  78  sq.  ft  more,  as  shown  by  the  following 
calculation: 

Assume,  glass  and  door  surface  =  300  sq.  ft 
exposed  wall  surface  =r  4,350  sq.  ft 
cubic  contents  =64,600  cu.  ft 

Then  radiation  required  will  be  as  follows: 

300 

For  glass  and  door  surface  =  — =  150  sq.  ft 

2 

4,350 


For  exposed  wall  surface    = 


=:  218  sq.  ft 


20 

TABLE  16 
Length  of  Pipe  Giving  One  Square  Foot  of  Radiating  Surface 


Sixeof 

Length 

Size  of 

Length 

Pipe 

persq.ft 

Pipe 

persq.ft 

1     inch 

36  inches 

3H  inch 

12  inches 

IJ^inch 

28mche0 

4     inch 

11  inches 

l}^inch 

24mche8 

4J4inch 

10  inches 

2     inch 

20  inches 

5     inch 

9  inches 

2yi  inch 

16  inches 

6     inch 

8  inches 

3     inch 

13  inches 

8     inch 

6  inches 

TABLE  17 
Expansion  of  Wrought-iron   Pipe 


^>. 


h 

Mb- 


LXirOTll  WHSM  HBATKD  to  TUS  TSXPttATOVi 
INDICATXO  BMLOW, 


160"         IW> 


300*» 


215* 
ILb. 
Steam. 


266* 
95Lbt. 
Stttam. 


2»r 

60  Lbs. 
Steam. 


338* 
100  Lbc. 
Sieam. 


FSi. 

64 


Ft. 

100  |1( 

100 

100 


FL    In. 

1.28 
1.02 

77 


Ft    lA. 
1004-1.44 
100+1. 
1004-  .03 


18 1( 


Ft  In. 
J60+1.60 


1004-1.09 


Ft   In. 

1004-1. 
1004-1.47 
1004-1.21 100-f  1 


.72  K 


Ft   In. 

004-2.12 

lOO+l.TS 

61 


Ft  In. 
100-)-2.Sl 


1004-2.12 1< 
lOCM-I.OTl 


Ft 
1004-2.7fl 


L0(H-2.4< 
1004-2.  W 
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1 


For  cubic  contents 


64,600 


200 


=:  323  sq.  ft 


Total  radiation  required  =  691  sq.  ft. 

TABLE  18. 
Square  Feet  of  Radiating  Surface  of  Pipe  per  Linear  Foot 

On  an  lengths  over  1  ft.,  fractions  less  than  tenths  are  added  to,  or  dropped. 


'-[S'r^tr- 

SIZE  OI 

'PIPE 

H'm. 

lin. 

l>im. 

IHin. 

2  in. 

2HiD. 

1  

.276 
.6 

i:! 

1.4 

1.6 

1.9 

2.2 

2.5 

2.7 

3. 

3.3 

3,6 

3.8 

4.1 

4.4 

4.7 

5. 

5.2 

6.5 

5.8 

6. 

6.3 

6.6 

6.9 

7.1 

7.4 

7.7 

8. 

8.3 

8.5 

8.8 

9.1 

9.4 

9.6 

9.9 
10.2 
10.5 
10.7 
11. 
11.3 
11.5 
11.8 
12.1 
12.4 
12.7 
12.9 
13.2 
13.5 
13.8 

1.4 
1.7 
2.1 
2.4 
2.8 
3.1 
3.5 
3.8 
4.1 
4.5 
4.8 
5.2 
5.5 
5,9 
6.2 
6.6 
6.9 
7.3 
7.6 
8. 
8.3 
8.6 
9. 
9.4 
9.7 
10. 
10.4 
10.7 
11.1 
11.4 
11.7 
12.1 
12.5 
12.8 
13.2 
13.5 
13.8 
14.2 
14.5 
14.9 
15.2 
15.6 
15.9 
16.3 
16.6 
17. 
17.3 

.434 
.9 

1.3 

1.7 

2.2 

2.6 

3. 

3.5 

3.9 

4.3 

4.8 

5.2 

5.6 

6.1 

6.5 

6.9 

7.4 

7.8 

8.3 

8.7 

9.1 

9.6 
10. 
10.4 
10.9 
11.3 
11.7 
12.2 
12.6 
13. 
13.5 
13.9 
14.3 
14.7 
15.2 
15.6 
16.1 
16.5 
16.9 
17.4 
17.8 
18.2 
18.7 
19.1 
19.5 
20. 
2U.4 
20.8 
21,3 
21.7 

.494 

1. 

1.5 

2. 

2.4 

2.9 

3.4 

3.9 

4.4 

4.9 

5.4 

5.9 

6.4 

6.9 

7.4 

7.9 

8.4 

8.9 

9.4 

9.9 
10.4 
10.9 
11.3 
11.9 
12.3 
12.8 
13.3 
13.8 
14.3 
14.8 
15.3 
15.8 
16.3 
16.8 
17.3 
17.8 
18.3 
18.8 
19.3 
19.8 
20.3 
20.8 
21.3 
21.8 
22.2 
22.7 
23.2 
23.7 
24.2 
24.7 

.622 

1.2 

1.9 

2.5 

3.1 

3.7 

4.4 

5. 

5.6 

6.2 

6.8 

7.5 

8.1 

8.7 

9.3 
10. 
10.6 
11.2 
11.8 
12.5 
13. 
13.7 
14.3 
14.9 
15.6 
16.2 
16.8 
17.4 
18. 
18.7 
19.3 
19.0 
20.5 
21.2 
21.8 
22.4 
23. 
23.7 
24.3 
24.9 
25.5 
26.1 
26.8 
27.4 
28. 
28.6 
29.2 
29.9 
30.5 
31.1 

753 

2 

1  5 

3 

2  3 

4   

3. 

5 

3.8 

6  

4.5 

7 

6.3 

8  

6. 

9 

6.8 

10 

7.6 

11 

8.3 

12 

9. 

13 

Ct.8 

14 

10.5 

16 

11.3 

16       

12. 

17 

12.3 

18       

13.5 

19 

14.3 

20       

15. 

21 

15.8 

22 

16.5 

23 

17.3 

24           

18. 

25 

18.8 

26 

19.5 

27 

20.3 

28 

21. 

29 

21.8 

30 

22.5 

31   

23.3 

82 

24.1 

33 

24.8 

34.* 

25.6 

35 

26.3 

36 

27. 

37 

27.8 

38 

28.5 

39 

29.3 

40 

30.1 

41 

30.8 

42   

31.6 

43 

32.3 

44 

33.1 

45 

33.8 

46 

34.6 

47 

35.3 

48 

36.1 

49 

36.8 

60 

37.6 
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TABLE  18— (Concluded) 


Length  of  Pipe 
(in  Feet) 

SIZE  O 

P  PIPE 

Sin. 

4  in. 

6  in. 

6  in. 

Tin. 

Sin. 

1 

.916 

1.8 

2.7 

3.6 

4.6 

6.5 

6.4 

7.3 

8.2 

9.1 
10. 
11. 
11.9 
12.8 
13.7 
14.6 
15.5 
16.5 
17.4 
18.3 
19.2 
20.2 
21.1 
22. 
22.9 
23.8 
24.7 
25.6 
26.6 
27.5 
28.4 
29.3 
30.2 
31.1 
32. 
33. 
33.9 
34.8 
35.7 
36.6 
37.6 
38.5 
39.4 
40.3 
41.2 
42.2 
43. 
43.9 
44.8 
45  8 

1.175 

2.4 

8.6 

4.7 

5.8 

7. 

8.2 

9.4 
10.6 
11.8 
12.9 
14.1 
15.3 
16.5 
17.6 
18.8 
20. 
21.2 
22.3 
23.5 
24.7 
25.9 
27. 
28.2 
29.3 
30.5 
31.7 
32.9 
34.1 
35.3 
36.4 
37.6 
38.8 
40. 
41.1 
42.3 
43.5 
44.6 
45.8 
47. 
48.2 
49.4 
50.6 
51.7 
52.9 
54. 
65.2 
56.4 
67.6 
68.7 

1.455 

2.9 

4.4 

5.8 

7.3 

8.7 
10.2 
11.6 
13.1 
14.6 
16. 
17.4 
18.9 
20.3 
21.8 
23.2 
24.7 
26.2 
27.6 
29.1 
30.5 
32. 
83.5 
34.9 
36.4 
37.8 
39.3 
40.7 
42.2 
43.6 
45.1 
46.5 
48. 
49.5 
50.9 
52.4 
53.8 
55.2 
56.7 
58.2 
59.6 
61.1 
'62.6 
64. 
65.6 
67. 
68.4 
69.8 
71.2 
72.7 

1.739 

3.6 

6.2 

7. 

7.7 
10.6 
12.1 
13.9 
15.7 

K:} 

20.9 
22.6 
24.3 
•    26.1 
27.8 
29.5 
31.3 
33.1 
34.8 
36.6 
38.3 
40. 
41.7 
43.5 
45.2 
47. 
48.7 
50.4 
62.1 
63.9 
55.6 
67.4 
59.1 
60.8 
62.6 
64.3 
66. 
67.8 
69.5 
71.3 
73. 
74.8 
76.6 
78.2 
80. 
81.7 
83.6 
85.1 
87. 

1.996 
4. 

6. 

7. 
10. 
12. 
14. 
16. 
18. 
20. 
22. 
24. 
26. 
28. 
30. 
32. 
34. 
36. 
38. 
40. 
42. 
44. 
46. 
48. 
50. 
52. 
64. 
56. 
68. 
60. 
62. 
64. 
66. 
68. 
70. 
72. 
74. 
76. 
78. 
80. 
82. 
84. 
86. 
88. 
90. 
92. 
94. 
96. 
98. 
100. 

2.25i 
4.5 

2 

3 

6.S 

4   

9. 

5 

11.8 

6 

13  5 

7 

16.8 

8 

18. 

9 

20.3 

10 

22  6 

11 

24.9 

12 

27  1 

IS 

29.4 

14 

31  6 

15  .                    ... 

33  9 

16 

36.1 

17 

38.4 

18 

40.6 

19 

42.9 

20 

45.2 

21   .                    .... 

47.4 

22 

49.7 

23 

52 

24 

64.2 

25 

66  4 

26 

68.6 

27 

61. 

28 

63.2 

29 

65.5 

30 

67,7 

31 

70. 

32 

72.2 

83 

74  4 

34 

76.7 

35 

79. 

36 

81. S 

37 

83  5 

38 

85.8 

39     

88. 

40 

90.2 

41 

92.5 

42 

94.8 

43 

97. 

44 

99.3 

45 

101.6 

46 

103.8 

47 

106. 

48 

108.4 

49 

110.5 

60 

112.8 

The  difference  between  the  two  results  Is  only  691 — 613= 
78  sq.  ft,  proving  that  the  2,  20,  and  200  rule  is  a  safe  one 
to  follow. 
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Table  16  shows  length  of  pipe  of  different  sizes  required 
to  furnish  1  sq.  ft.  of  radiating  surface. 


1 
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The  data  giyen  in  Table  18  are  useful  chiefly  in  the 
designing  of  pipe  coils  for  heating  factories  and  similar 
buildings.  As  an  example,  assume  a  space  in  one  comer 
of  a  factory  building  which  requires  to  be  heated  by  a 
5-pipe  comer  coil,  one  branch  of  which  is  to  be  10  ft.  and 
the  other  branch  15  ft.  long.  The  dimensions  of  t)ie  space 
to  be  heated  are  about  as  follows:  Width,  16  ft;  length, 
25  ft.;  height.  16  ft. 

Cubic  contents  of  space  to  be  heated  will  be  16X25X16= 
6,400  cu.  ft  What  size  of  pipe  should  be  used  in  building 
the  coil? 

Since  the  number  and  length  of  pipes  in  each  branch  of 
the  coil  are  restricted  to  certain  figures,  first  find  total  length 
of  pipe  to  be  used,  size  of  pipe  to  be  1%-in. 
1  branch,  6  pipes  10  ft  long  =  50  ft 
1  branch,  5  pipes  15  ft  long  =  75  ft. 

Total       =     125  ft 
TABLE  19 
Sbe  of  Main  for  Single-Pipe  Steam  Heating— Direct  Radiation 

For  Indirect  Radiation  the  mains  should  be  IH  times  larger  tlian  for 
direct  radiation. 


Length  of  Main,  in  Feet 

Sq.Ft. 

of 

20 

40      1      80 

100    1 

200 

300 

Ret\im 

Radia- 
ation 

Size  of  Pip< 

3,  in  Inct 

ee 

100 

1 

1 

m 

IJi 

W 

1)4 

200 

1 

iVi 

1^ 

2 

2 

300 

IH 

IH 

2 

2 

2 

2H 

c 

400 

1J4 

2 

2 

2 

2)4 

2H 

a 

500 

IH 

2 

2)4 

2)4 

2H 

3 

^ 

600 

2 

2 

2)4 

2yi 

3 

3 

3 

700 

2 

2 

2H 

^H 

3 

3 

^  • 

800 

2 

2H 

2)4 

3 

3)4 

334 

is. 

1000 

2H 

2H 

3 

3 

3)4 

4 

g-a 

1200 

2^ 

2M 

3 

3H 

4 

•S| 

1400 

2H 

3 

3)4 

3}^ 

4)4 

1600 

3 

3 

m 

W2 

4H 

1 

1800 

3 

3 

3J4 

4 

4H 

5 

1 

2000 

3 

3H 

4 

4 

4)4 

5 

2500 

3J4 

4 

4 

434 

5 

BH 

1 

3000 

3H 

4 

^V2 

5 

6)4 

6 

3500 

4 

4^ 

5 

6H 

6 

7 

4000 

4 

4)4 

5 

5H 

6 

7 
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Reference  to  Table  18  shows  that  in  10  ft.  of  1^-in. 
pipe  there  are  4.9  sq.  ft.  of  radiating  surface;  then  radiating 
surface  in  10-ft.  branch  =  4.9  X  5  =  24.5  sq.  ft 

Sq.  ft  of  surface  in  15  ft.  of  1%-ln.  pipe  =:  7.4;  then 
radiating  surface  in  15  ft  branch  =  7.4  X  5  =:  37  sq.  ft. 

Total  radiating  surface  in  two  branches  =  24.5  +  37  = 
61.5   sq.   ft. 

By  referring  to  Table  14,  it  will  be  seen  that  for  heating 
factories  and  shops  1  sq.  ft.  of  radiation  is  allowed  for  each 
75  to  150  cu.  ft.  of  space  to  be  heated.  As  there  are  6.400 
cu.  ft.  of  space  to  be  heated,  and  61.5  sq.  ft  of  radiating 
surface,   the   number   of  cu.   ft.    per    sq.    ft    of    radiation 

6,400 
= =  104,  which  is  a  good  average. 

61.5 

Direct  Hot-Water  Radiation  for  Zero  Weather.  Table  20 
shows  number  of  cu.  ft  of  space  heated  by  1  sq.  ft  of  direct 
radiation. 

Low-Pressure  Steam   Heating 
There  are  two  systems  of  low  pressure  steam  heating  In 
common  use — the  one-pipe  and  the  two-pipe  systems. 

Heating  Greenhouses.  The  glass  exposure  is  practically 
the  sole  cause  of  heat  loss.  Assume  a  greenhouse  100  ft 
long  by  20  ft  wide;  it  will  contain  about  2,600  sq.  ft  of 
glass.    To  heat  this  greenhouse  to  a  temperature  of  50**  to  60* 

2.600 

will  require  1  sq.  ft  of  radiation  to  3  sq.  ft.  of  glass,  or 

3 
TABLE  20 

Hot-Water  Heatlng^Direct  Radiation 

Cu.  Ft.  of  Space 

RESIDENCE   BUILDINGS  Heated  by  1  Sq,  Ft 

of  Direct  Radiation 

Living  rooms,  one  side  exposed 25  to  30 

Living  rooms,  two  sides  exposed 25  to  27 

Li\ing  rooms,  three  sides  exposed  20  to  25 

Sleeping   rooms    30  to  35 

Halls  and  bathrooms 20  to  30 

Vestibule 35  to  40 

PUBLIC  BUILDINGS 

Offices 30  to  40 

Schoolrooms   30  to  40 

Factories  and  stores 40  to  60 

Assembly  halls  and  churches 60  to  100 
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=  866  sq.  ft  of  radiating  surface.  This  will  require  866 
linear  feet  of  4-in.  pipe»  or  946  ft.  of  3-in.  pipe,  or  1.060  ft 
of  2%-in.  pipe,  or  1.485  ft.  of  2-ln.  pipe,  or  1.730  ft  of  1%-in. 
pipe.  These  figures  are  obtained  from  Table  22.  which  gives 
the  factors  for  ascertaining  amount  of  surface  needed  with 
any  size  pipe  from  IV^-in.  to  4-in. 

TABLE  21 

Indirect  Hot-Water  Heating  Data 

Ft  of  Heating  Area  of  Cold*  Area  of  Hot-  Size  of 

Surface  Air  Supply         Air  Flue  Register 

(Water)  (Sq.  In.)  (Sq,  In.)  (In.) 

26  36  48  8x12 

52  54  72  9x12 

78  <2  96  10x12 

104  90  120  12^15 

130  108  144  12x19 

156  126  168  14x22 

182  144  192  14x24 

208  162  216  16x20 

234  ISO  240  16x24 

260  198  264  20x20 

286  216  288  20x24 

312  234  312  20x24 

TABLE  22 
Heating  of  Greenhouses 

Temp,  of    Temp,  of 
For  Zero  Weather  House        House 

50*to60*  60*'to70» 
Sq.  ft  of  glass  heated  by  1  sq.  ft.  of  surface.  .3  2.25 

Sq.  ft  of  glass  heated  by  1  linear  ft  of  4-in. 

pipe    3  2.25 

Sq.  ft  of  glass  heated  by  1  linear  ft  of  3-in. 

pipe 2.75        2.10 

Sq.  ft.  of  glass  heated  by  1   linear  ft  of 

2%-in.  pipe 2.25        1.80 

Sq.  ft.  of  glass  heated  by  1  linear  ft.  of  2-in. 

pipe   1.75        1.3^ 

Sq.  ft  of  glass  heated  by  1  linear  ft.  of 

1%-in.  pipe 1.50        1.20 

In  measuring  glass  surface,  take  actual  glass,  and  its 
equivalent  in  outside  wall  or  exposed  surface. 

For  heating  ordinary  greenhouses.  2-in.  wrought-iron  pipe 
will  give  the  most  satisfactory  results.     For  heating  green- 
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TABLE  23 

Size  of  Mains  to  be  Used  for  DiflFerent  Distances  from  tlie 
Hot  Water  Heating 


jSSiiatioii 

r  A^ 

16* 

•.   80 

45 

eo 

75 

to 

no 

Heater 

,ir^ 

Peet 

Feet 

Feet 

Feet 

Peet 

Feet 

no 

1  , 

1 

.iV 

IV 

IV 

IV 

iv 

IV 

76 

IV 

IV 

.  IV 

IV 

IV 

IV 

IV 

IV 

100 

J^ 

}^ 

?^ 

l>i 

IK 

IV 

IV 

160 

1^ 

2 

2 

2 

2 

2 

2 

•200 

2 

2 

2V 

2V 

2SV 

2V 

3V 

2V 

aoo 

•2K 

2)4 

2>^ 

2)i 

2>^ 

3 

3 

40O 

^}i 

2K 

3 

3 

3 

3 

3 

600 

S 

3 

3 

3 

3 

8>« 

8V 

9V 

600 

3 

3 

8V 

81^ 

3V 

s^ 

8V 

700 

8>^ 

S^ 

8>i 

3)i 

4 

4 

800 

8$i 

3>^ 

4 

4V 

4V 

900 

S}i. 

4 

4V 

4V 

4H 

1000 
1200 

4 

^^ 

4>< 

4V 

4Ji 

4V 

4       ^ 

4>i 

4>^ 

6 

6 

1600 

4K 

4^ 

5 

6 

^000 

6 

6 

7 

2600 

6 

7 

7 

3000 

6 

7 

8 

8600 

6 

8 

8 

8 

4000 

6 

8 

8 

8 

6000 

7 

9 

9 

10 

10 

The  above  table  will  be  a  guide  to  the  fitter  in  proportioning  maina 
and  branches  for  hot  water. 

houses  having  less  than  2,000  sq.  ft.  of  ^lass,  hot  water  is 
recommended.     For  large  greenhouses,  steam  is  best. 

The  same  general  plan  of  piping  may  be  used  for  steam  as 
for  hot  water,  except  that,  for  steam,  one-third  less  surface 
will  be  sufficient  to  produce  the  desired  heat. 

Table  XXV  is  a  comparison  of  the  one  pipe,  and  two  pipe 
systems  of  steam  heating. 

TABLE  24 
Pressure  of  Water  in  Pounds  Due  to  Height  in  Feet 


Feet 

Pressure 

Feet 

Pressure 

Feet 

Pressure 

Head 

ptr  Sq.  In. 

Head 

per  Sq.  In. 

Head 

per  Sq.  In. 

1 

0.43  lbs. 

35 

15. 16  lbs. 

70 

30.32  Iba. 

5 

2.16    " 

40 

17.32   " 

75 

32.48   " 

10 

4.33   " 

45 

19.49    " 

80 

34.65   " 

16 

6.49   " 

60 

21.65    " 

85 

36.82   " 

20 

8.66    " 

55 

23.82    " 

90 

38.98   " 

25 

10.82    " 

60 

25.99    " 

95 

41.16   •• 

30 

12.99    " 

65 

28.15    " 

100 

43.31    " 
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TABLE  25 
Amount  of   Direct   Radiation   tliat   a   IMain   Will    Supply   In 

One-Pipe  and  Two-Pipe  Steam  Heating 
Ajnonnt  of  Direcif  Radiation      One-Pipe  Work    Two-Pipe  Work 
Sq.Ft  >  In.  In. 

40  to        60^  1  %x  % 

100  to       126  1^  1    X  % 

125  to       260  1^  1^x1 

250   to       400  2  IV^xl^ 

400  to       650  2^  2    xl^ 

650  to       900  3  2^t2 

900  to     1250  3^  3    x2^ 

1250   to     1600  4  3V^x3 

1600   to     2050  4^  4    x3V& 

2050  to     2500  5  4^x4 

2500   to     3600  '  6  6    x4^ 

3600  to     6000  7  6    x5 

5000  to     6500  8  7    x6 

6500   to     8100  9  8    x6 

81000  to  100000  10  9    x6 

In  hot-water  heating  systems  the  relative  sizes  of  the  flow 
and  return  pipes  should  be  the  sama  Table  26  shows 
the  number  of  sq.  ft.  of  radiation  that  can  be  supplied  by 
hot-water  mains  in  sizes  from  1%-in.  to  6-in.  The  smallest 
size  pipe  that  is  practicable  in  hot-water  heating  is  1^-in. 

TABLE  26 
Sizes  of  Hot-Water  Mains,  and  Amount  of  Radiation  Supplied 
Sizes  of  Mains  Amount  of  Radiation  Supplied 

1%-in 125  to      176  sq.  ft 

24n 176  to      300  sq.  ft 

2H-in. 300  to     475  sq.  ft 

3-in 475  to     700  sq.  ft 

3%-in 700  to     960  sq.  ft 

4-ln. 950  to  1,200  sq.  ft 

4%-in 1,200  to  1,575  sq.  ft 

5-in 1,575  to  1,976  sq.  ft 

5H-in 1,975  to  2,375  sq.  ft. 

6-in 2.375  to  2.850  sq.  ft 

FITTINGS  FOR  STEAM  AND  HOT-WATER  PIPES 
Long-turn  or  long-radius  fittings  will  greatly  aid  circula* 
tlon  and  reduce  friction  in  a  system  of  piping,  and  should 
be  used  wherever  possible,  especially  in  hot-water  heating. 
A  steam  main  should  have  a  pitch  of  at  least  ^-in.  for 
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TABLE  27 
Number  and  Sizes  of  Branches  that  Mains  Will  Supply 

Sizes  of 

Mains  Number  and  Sizes  of  Blanches 

1-ln 2 — %-in.  branches 

1%-in 2 — 1-ln.  branches 

1%-in 2 — 1%-in  branches 

2-in 2 — 1%-in.  branches 

2  %-in 2—1  %-in.  and  1 — 1%  in.  branches 

2  %-in 1 — 2-ln.  and  1 — 1%-in,  branch 

3-in ; . .  1 — 2 %-in.  and  1 — 2-in.  branch 

3-in - 2 — 2-in.  and  1 — 1%-in.  branches 

3%-in 2 — 2 %-in.  branches 

3 %-in 1 — 3-in.  and  1 — 2-in.  branch 

3%-in 3 — 2-in.  branches 

4-in 1— 3%-in.  and  1—2 %-in.  branch 

4-in 2 — 3-in.  branches 

4-in 4 — 2-ln.  branches 

4 %-in 1 — 3%-in.  and  1 — 3-in.  branch 

4%-in 1 — 4-in.  and  1 — 2%-ln.  branch 

4 %-in 6 — 2-in.  branches 

5-in 1 — 4-in.  and  1 — 3-in.  branch 

5-in 1— 4%-in.  and  1— 2%-in.  branch 

5-in 8 — 2-In.  branches 

6-in 1 — 3-in.  and  2 — 4-in.  branches 

6-in 4 — 3-in.  branches 

6-In 10 — 2-in.  branches 

7-in 1 — 6-in.  and  1 — 4-in.  branch 

7-in 3— 4-in.  and  1 — 2-in.  branches 

8-in 2 — 6-in.  and  1 — 5-in.  branches 

8-ln.. 5— 4-in.  and  2 — 2-in.  branches 

TABLE  28 
Sizes  of  Drip-Pipes  for  Mains  of  Various  Lengths 


Sises 

of 

Steam  Mains 


0to2-iii. 
3-in. 
4-in. 
5-in. 
6-in. 


Length  of  Steam  Main,  in  Feet 


1  to  100 


100  to  200  I  2 
Size  of  Dri] 


200  to  400 


M-in. 
M4n. 
54-in. 
Ji-in. 
1     -in. 


H4n. 

Ji-in. 
1    -in. 


p  Pipe 


400tot>' 


^in. 

H-in. 
1  -in. 
IM-in. 
IH-in. 


1      -it. 
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every  10  ft  of  length;  and  branches  should  have  a  pitch  of  1 
In.  for  every  5  linear  ft 

Care  should  be  exercised  to  secure  as  near  a  perfect  align- 
ment as  possible  In  the  running  of  pipes;  and  pockets  should 
be  avoided.  ' 

When  absolutely  necessary  to  make  a  direct  rise  for  the 
purpose  of  increasing  head-room,  or  to  pass  an  obstruction,  a 
small  bleeder  pipe,  %-in.  or  %-in.,  should  be  tapped  into  the 
lowest  point  of  the  pocket  thus  formed  in  order  to  carry 
off  the  condensation. 

A  check-valve  should  always  be  placed  in  the  return,  near 
the  boiler,  when  radiators  are  located  near  the  water  level 
of  the  boiler.  If  the  water  level  of  the  boiler  shows  a  dis- 
position to  fluctuate,  it  may  be  kept  steady  by  connecting  a 
pipe  called  an  equalizing  pipe  from  the  steam  dome,  or  top 
of  the  boiler  to  one  of  the  return  openings,  below  the  water 
line  of  the  boiler;  or  it  can  be  connected  to  the  main,  near 
the  boiler,  and  tapped  into  the  return  pipe  near  its  entrance 
into  the  boiler.  Check-valves  should  always  be  located  in 
the  horizontal  portion  of  the  return,  and  as  near  the  boiler 
as    possible. 

Branches  should  be  taken  from  the  top  of  the  main,  or 
they  may  be  taken  at  an  angle  of  45"*.  They  should  be  run 
"With  a  pitch  up  from  main  to  riser. 

Where  reductions  in  size  of  main  are  made,  eccentric 
tees  or  coupiings  should  be  used.  If  this  is  not  done,  it  will 
be  necessary  to  run  heel-drips  from  each  reduction  to  the 
'wet  return. 

Main  return  for  a  two-pipe  system  should  Increase  in  size 
as  branch  returns  enter  it  It  should  be  maintained  one  size 
smaller  than  the  pupply  pipe  corresponding. 

"WTien  a  drip  is  connected  Into  a  dry  return,  a  loop  or 

trap    should   be  Inserted  to  prevent  short-circuiting  of  the 

steam,  which  would  block  return  water. 

f^^  This  precaution  is  not  necessary  with  wet  returns.    Table 

--^       27    shows   the   number  and  sizes  of  branches  that  a  main 

^Fee'       of  a  given  size  will  supply. 

J^  Doubling   the  diameter  of  a  pipe  increases  its  capacity 

K)!*'      four  times. 

--l'^  The    sizes   of  drip  pipes  required  for  steam  depend  nol 

alone  upon  the  size  of  main  to  be  dripped,  but  also  upon  tub 
length,   as   may  be  seen  by  reference  to  Table  28. 

Expansion  Tanks 
In   hot-water  heating  systems,  an  expansion  tank  should 
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always  be  provided,  for  the  reason  that  when  the  water  has 
reached  boiling  point  (212*  F.)  it  has  also  increased  in  yoI* 
ume  so  that  it  occupies  a  space  5  per  cent  greater  than  it  did 
at  40». 

The  expansion  tank  should  have  a  capacity  sufficient  to 
contain  from  1/20  to  1/30  of  the  total  volume  of  water  con- 
tained in  the  entire  system,  and  it  should  be  located,  if 
possible,  where  there  is  no  danger  from  freezing. 

It  should  be  i)laced  at  such  a  height  as  to  bring  the 
bottom  of  the  tank  at  least  24  in.  above  the  highest  radiator 
in  the  system. 

If  there  is  no  increase  in  pressure  due  to  expansion,  a 
vent-pipe  may  be  run  from  the  tank,  connecting  its  highest 
point  with  the  outside  air.  The  pressure  on  the  heating  sys- 
tem will  then  depend  upon  the  height  of  the  water  level 
in  the  tank,  each  foot  in  height  corresponding  to  .43  lb. 
pressure  per  sq.  in. 

These  tanks  should  be  made  of  boiler  steel,  double-riv- 
eted, caulked,  and  galvanized,  and  tested  to  200  lbs.  hydraulic 
pressure.  They  should  be  tapped,  top  and  bottom,  for  1-in. 
overflow  and  expansion  pipe,  the  latter  to  be  connected  to 
the  system  in  such  a  manner  as  to  conduct  the  surplus 
water  into  the  bottom  of  the  tank.  A  1-in.  connection  for 
a  filling  attachment  should  be  made  on  the  side,  near  the 
top  of  tank,  and  a  12-in.  water  gauge  glass  should  be  con- 
nected on  the  side  near  the  bottom. 

If  it  is  desired  to  maintain  a  pressure  in  excess  of  atmos- 
pheric pressure,  the  vent-pipe  may  be  closed,  and  a  safety- 
valve  attached  which  will  open  when  the  pressure  reaches 
the  desired  point 

TABLE  29 

Dimensions  and  Capacities  of  Expansion  Tanks 


Size 

Capacity 

Square  Feet 

(Inches) 

(Gallons) 

of  Radiation 

10x20 

8 

250 

12x20 

10 

300 

12x30 

15 

500 

14x30 

20 

700 

16x30 

26 

950 

16x36 

32 

1,300 

16x48 

42 

2.000 

18x60 

66 

3,000 

20x60 

82 

5.000 

22x60 

100 

6,000 

HEATING  AND  VENTILATING  469 

A  slight  increase  in  pressure  on  the  system  will  also 
increase  the  boiling  temperature  of  the  water,  thus  making 
it  possible  to  maintain  a  higher  temperature  throughout  th» 
entire  system.  For  instance,  at  5  lbs.  pressure,  the  tem- 
perature at  boiling  point  is  228^;  and  at  10  lbs.  pressure, 
boiling  temperature  is  240^.  Table  29  gives  the  dimen- 
sions in  inches,  and  capacity  in  gallons,  of  expansion  tanks 
for  various  amounts  of  hot-water  radiation. 

The  capacity,  in  gallons,  of  any  size  cylindrical  tank  may 
be  found  by  the  following  simple  rule:  Square  the  diameter 
of  the  tank,  in  inches;  then  multiply  by  length  of  tank,  in 
Inches,  and  this  product  by  the  constant  .0034.  Result  = 
No.  of  U.  S.  gallons. 

Pipe  Coverings 

The  amount  of  heat  losses  that  take  place  from  micov- 
ered  steam  or  hot-water  mains,  has  already  been  discussed. 
AH  losses  of  this  character  may  be  prevented,  in  large  meas- 
ure, by  the  use  of  a  good  pipe  covering,  thus  effecting  a 
saving  in  cost  of  fuel,  and  In  many  Instances  making  it  pos- 
sible to  use  a  smaller  size  of  boiler.  All  piping  In  thej 
boiler  room  should  be  covered;  also  all  distributing  pipes,  ex- 
cept radiator  connections.  Results  of  tests  made  by  Prof. 
Cooley,  of  the  University  of  Michigan,  show  that,  for  pres- 

TABLE  30 
Relative  Insulating  Values  of  Various  Pipe  Coverings 

Thickness  Relative 

MATERIAL  OF  COVERING           of  Covering  Insulating 

Non-Sectional  Coverings —                        (Inches)  Value 
Two  layers  asbestos  paper,  1  in. 
hair  felt,   and   1    thickness  of 

canvas 1.000 

Two  layers  asbestos  paper .263 

Sectional  Coverings — 

Mineral   wool    94  ^52 

Asbestos  sponge    1.12  .920 

Asbestos   felt    1^5  .923 

Hair   felt    1.45  .960 

Molding  Coverings — 

Asbestos    1.23  ^03 

Magnesia * 94  .915 

Magnesia  and  asbestos 1.12  .879 

Asbestos  and  wool  felt 1.12  .910 

Wool  felt 1.16  .904 

Wool  felt  and  iron  with  air-space     ....  .828 
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Bures  under  5  lbs.,  hair  felt  is  the  most  effective  non-con- 
ductor; but  when  used  for  higher  pressures,  it  chars,  and 
breaks  down.    The  same  may  be  said  of  wool  felt  coverings. 

'^able  30  shows  the  relative  Insulating  value  of  various 
kinds  of  pipe  covering,  taking  a  covering  composed  of  as- 
bestos paper,  hair  felt,  and  canvas  as  a  standard. 

It  should  be  noted  that  if  the  material  composing  the 
covering  is  a  good  conductor,  Its  heat-insulating  power  is 
lessened  by  increasing  the  thickness  beyond  a  certain  limit 

Table  32  is  for  the  purpose  of  estimating  the  number 
of  smaller  size  pipes  that  will  be  required  to  equal  in  ca- 
pacity a  pipe  of  larger  size.  For  instance,  take  a  1-in.  pipe. 
How  many  pipes  of  this  size  will  be  required  to  equal  in 
capacity  one  3%-in.  pipe? 

Starting  at  the  left-hand  column  in  the  table,  under  the 
heading  "Size  of  Pipe,"  trace  in  a  horizontal  direction  from 
"1-in."  toward  the  right,  unUl,  under  the  heading  "3%-in.," 
it  will  be  seen  that  the  required  number  is  11.  Similarly, 
the  capacity  of  a  3-in.  pipe  is  found  to  be  8.5  times  the 
capacity  of  a  1-ln.  ];^ipe.  In  practice  it  would  be  necessary 
to  use  nine  1-in.  pipes  for  equalizing  in  capacity  one  3-in. 
pipe. 

COMMERCIAL  GRADES  OF  PIPE 

Pipe  for  steam  and  hot-water  heating  is  put  on  the  mar- 
ket in  three  grades  of  thickness:  (1)  Standard  wrought- 
iron  welded  pipe  (see  Table  31),  tested  to  a  pressure  of 
260  lbs.  per  sq.  in.;  (2)  Extra  strong;  (3)  Double  extra 
strong.  The  "standard*  is  the  grade  used  principally  for 
heating  purposes.  "Extra  strong"  and  "double  extra  strong" 
pipe  are  always  shipped  without  threads  or  couplings,  unless 
otherwise  specified.  Each  length  of  standard  pipe,  when 
shipped  is  provided  with  threads  on  both  ends,  and  one 
coupling.    The  lengths  range  from  16  to  24  ft. 

All  fittings,  except  couplings  and  nipples,  are  made  of 
malleable  or  cast  iron,  the  latter  being  preferable  for  heat- 
ing systems. 

Flange  unions  should  be  used  on  all  pipe  exceeding  2  in. 
in  diameter. 

Three  types  of  valves  are  used  in  steam  and  hot-water 
heating— namely,  globe  valves,  gate  valves,  and  check  valves. 
"When  a  globe  valve  is  placed  in  a  horizontal  steam  pipe, 
it  should  always  be  placed  with  the  stem  in  a  horizontal 
j>o8ltlon,  as  it  presents  less  resistance  to  the  flow  of  the 


472    RADFORD'S  ESTIMATING  AND  CONTRACTING 


CM       ^ 
CO       0, 

u     «». 
-I      o 

2   «= 

n 

3 
O" 

U 


1 

00  .-|  »0 CO  Cq  CD       OO^OO'^ 

i 

"^ 

c^Qooot^-^cocii-ii-J 

1 

i-Ico-^oocdrtJc^i-H"^ 

i 

«c>oqo     CO        , 

N  00  1-1  O  '^  C*  C^  •"< 

co»-i»-i 

3 

oo»oo»«oc^»o 

^  CO  00  '^ji  CO  C<  -J 

1 

OSO»ft»-HCO'^ 

ifll  00  U5  CO  C^  1-i 

a 

NOONO 
rH«bcOC<»H 

i 

CO  00  CO  CO 
OCOCSiF-i 

i 

00  «o 

1 

1^ 

I'l 

f-41-ii-ic^MeocO'^'^io 

HEATING  AND  VENTILATING  473 

Bteam  and  condensed  water  in  that  position  than  it  does 
when  the  stem  is  set  in  a  vertical  position. 

Globe  valves  should  not  be  used  in  hot-water  systems. 
Gate  valves  are  to  be  preferred  for  water  pipes.  Check 
valves  must  be  installed  in  places  where  it  is  necessary 
that  the  flow  shall  be  continually  in  one  direction,  and  where 
there  is  danger  of  a  reverse  flow.  A  check  valve  should 
alwajrs  be  placed  in  the  return  as  near  the  boiler  as  pos« 
Bible. 

VACUUM  HEATING  SYSTEMS 

In  the  systems  of  heating  already  discussed,  the  pros* 
sure  is  carried  either  at  atmospheric  or  higher  pressure, 
and  the  boiling  temperature  of  the  water  is  212''  or  higher. 
If  a  heating  system,  piped  along  practically  the  same  lines 
as  those  hitherto  discussed,  is  equipped  with  the  proper  ap- 
paratus for  exhausting  all  the  air,  and  keeping  it  exhausted, 
from  the  interior  of  boilers,  pipes,  and  radiators,  thus  pro* 
daring  a  vacuum  within  the  system,  the  boiling  point  of  the 
water  will  be  reduced,  and  steam  will  be  generated  at  a 
much  lower  temperature.  This  is  termed  the  vacuum  heat- 
ing system.  It  is  more  economical  in  the  use  of  fuel  than 
a  system  in  which  pressure  is  maintained  above  atmospheric 
pressure,  for  the  reason  that  in  pressure  systems  a  large 
portion  of  the  fuel  is  consumed  in  driving  the  air  from 
pipes  and  radiators  against  the  pressure  of  the  atmosphere; 
whereas,  in  the  vacuum  system,  all  the  air  is  automatically 
removed  from  every  part  of  the  system,  and  the  steam  is 
permitted  to  circulate  freely  at  a  high  velocity,  thus  making 
every  sq.  ft.  of  radiation  available.  In  some  systems  oper- 
ated on  this  principle,  a  vacuum  pump  is  employed  for  the 
purpose  of  removing  the  air,  also  the  water  of  condensa- 
tion, from  pipes  and  radiators.  In  other  systems  of  vacuum 
heating  the  condensation  of  the  steam  in  the  radiators  is 
utilized  to  produce  a  vacuum  by  taking  advantage  of  the 
sreat  difference  in  volume  between  steam  and  the  water 
from  which  it  is  produced.  For  instance,  if  1,600  cu.  in.  of 
steam  at  atmospheric  pressure  be  condensed,  the  water  of 
condensation  will  occupy  a  space  of  but  1  cu.  in.,  and  if  no 
air  leaks  exist  in  the  system,  the  result  will  be  a  vacuum. 

In  order  that  a  heating  system  of  this  kind  may  be 
saccessfuUy  operated,  it  is  necessary  to  provide  each  radiator 
with  an  automatic  air-valve  which  will  open  and  close  by  the 
contraction  and  expansion  of  some  material.  There  are  many 
different  tsrpes  of  these  valves.  Some  of  them  use  air  con- 
fined within  a  small  float  which  is  caused  to  rise  by  the 
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expansion  of  the  confined  air  when  heated,  and.  In  rlsinSff 
closes  the  outlet,  thus  preventing  the  escape  of  steam  after 
the  air  in  the  radiator  has  all  been  exhausted.  In  due  coorsew 
more  air  will  accumulate  in  the  radiator,  owing  to  the  con- 
densation of  the  steam;  the  air  in  the  float  will  contract  from 
cooling,  and  this  will  again  open  the  small  air  discharge 
valve,  thus  permitting  the  air  in  the  radiator  to  be  again 
expelled,  and  fresh  steam  to  take  its  place. 

In  other  types  of  automatic  air-valves  the  discharge  Is 
opened  and  closed  by  the  contraction  and  expansion  of  a 
curved  metallic  strip.  The  valve  remains  open,  thus  per- 
mitting the  escape  of  air  until  the  curved  strip  becomes 
nearly  equal  in  temperature  to  that  of  the  steam.  The 
heat  serves  to  increase  the  length  of  the  strip,  and  it  bends 
out  sufficiently  to  close  the  air  discharge.  A  drip  pipe  re- 
moves any  water  of  condensation  escaping  from  the  air- 
valve. 

Paul  System.  In  what  is  known  as  the  Paul  Syttenrit  now 
largely  used,  an  automatic  air-valve  is  attached  to  each 
radiator,  and  at  any  point  where  air  is  liable  to  collect 
in  the  returns.  These  valves  are  connected  by  means  of 
small  air-pipes  with  an  air-exhauster  located  in  the  boiler 
room.  The  air-valves  permit  the  passage  of  air,  but  no 
water  can  escape  through  them. 

This  system  may  be  operated  on  the  single-pipe  gravity 
plan;  and  it  has  the  advantage  over  the  ordinary  one-pipe 
system,  of  keeping  all  the  air  continually  exhausted,  so  that 
the  steam  will  in  fact  be  sucked  or  drawn  through  the 
pipes,  instead  of  being  forced  through.  The  exhauster  may 
be  operated  by  steam,  gas,  electricity,  or  water;  the  last* 
mentioned  being  usually  employed  with  low-pressure  sys- 
tems. 

The  cost  of  operating  the  exhauster  for  a  system  con^ 
taining  4,500  ft.  of  radiation,  need  not  exceed  3  cents  a 
day;  and  since  a  much  better  circulation  is  maintained  by 
this  system  than  when  the  air  discharges  into  the  rooms 
against  the  pressure  of  the  atmosphere,  the  radiators  are 
more  effective,  and  it  is  claimed  that  a  saving  of  15  to  20 
per  cent  in  fuel  is  thereby  made  possible. 

Vapor  Heating  System.  In  the  soK^alled  vapor  heating 
system  the  piping  Is  practically  the  same  as  in  the  vacuum 
system,  except  that  the  hot-water  type  of  radiator  is  em- 
ployed, in  which  the  flow  is  connected  to  the  upper  portion 
of  the  radiator  at  one  end,  and  the  discharge  is  connected 
to  the  lower  portion  at  the  opposite  end.    The  radiator  Is 
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thus  heated  from  the  top  down;  and  special  forms  of  valveB 
called  graduated  valves  are  used,  whereby  the  admission  of 
▼apor  to  the  radiator  may  be  controlled  so  as  to  heat  just 
as  much  of  the  radiator  surface  as  is  desired. 

This  may  be  one-quarter,  one-half,  three-quarters,  or  the 
entire  surface.  The  heating  medium  is  the  vapor  which  rises 
from  the  surface  of  the  water  in  the  boiler  when  at  or  near 
the  boiling  point;  and  it  circulates  throughout  the  system 
under  very   light  pressure. 

The  methods  employed  for  expelling  the  air  from  radiators 
and  flow  pipes  are  similar  to  those  already  described  in  con« 
nection  with  the  vacuum  system. 

In  some  cases  vapor  heating  systems  are  installed  in 
such  a  manner  that  either  steam,  of  low  pressure,  or  vapor 
can  be  used  as  the  heating  medium,  and  a  range  in  tem- 
perature thus  secured  which  runs  from  90**  to  240*"  F.,  the 
latter  being  the  temperature  of  steam  at  10  lbs.  gauge  pres* 
sure. 

Accelerated  Hot-Water  Heating  System.  One  of  the  prin- 
cipal objections  to  hot-water  heating  systems  in  which  more 
or  less  pressure  is  maintained  by  the  use  of  expansion  tanks 
and  valves  connected  therewith,  is  the  liability  of  the  valves 
to  stick  and  thus  allow  the  pressure  to  increase  to  the  point 
of  danger. 

In  order  to  overcome  this  objection,  and  insure  safety  in 
operation,  a  device  known  as  the  Honeywell  generator  may 
be  placed  on  the  return  line,  and  connected  to  the  expansion 
line,  by  means  of  which  it  is  possible  to  maintain  a  pressure 
of  ID  lbs.  on  the  system  with  perfect  safety. 

In  this  device  mercury  is  the  active  agent  employed 
for  regulating  the  pressure.  The  mercury  is  contained  in  a 
bottle-shaped  casting,  to  one  side  of  which  the  expansion  line 
is  connected.  The  top  of  this  casting  Is  connected  by  a  pipe 
to  an  elliptical-shaped  casting  above  it.  The  connecting  pipe 
extends  down  into  the  bottle-shaped  casting  to  near  the  bot- 
tom,— and,  inside  this  connecting  pipe,  is  a  secondary  or  cir- 
culating pipe  of  small  size  extending  slightly  above  the 
connecting  pipe  into  the  elliptical  top   compartment 

The  action  of  the  device  is  as  follows:  Assuming  no 
pressure  on  the  system,  the  mercury  will  lie  at  the  bottom 
of  the  lower  casting.  When  pressure  forms  in  the  system, 
it  acts  upon  the  mercury  in  the  generator,  tending  to  drive 
it  upwards  through  the  small  inner  pipe.  By  the  time  the 
pressure  has  reached  10  pounds,  the  mercury  is  overflowing 
Into  the  top  compartment,  whence  it  finds  its  way  into  the 
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large  connecting  pipe;  and,  owing  to  the  difference  in  weight 
between  It  and  the  hot  water,  the  mercury  continues  circulat- 
ing down  and  up  in  the  tubes,  while  at  the  same  time  it  has 
been  lowered  to  a  point  at  the  bottom  of  the  generator  below 
the  open  end  of  the  connecting  pipe,  thus  allowing  the  water 
from  the  system  to  pass  upward  through  this  pipe  into  the 
top  compartment,  and  thence  into  the  expansion  tank. 

Other  pressure-regulating  devices  using  mercury  as  the 
sealing  agent,  are  the  Milwaulcee  lieat  generator,  and  another, 
known  as  the  Mercury  heat  generator,  designed  for  use  in 
connection  with  hot-water  heating.  It  is  claimed  for  the 
accelerated  hot-water  heating  system,  that,  owing  to  the 
available  range  of  temperatures  in  connection  therewith,  the 
sq.  ft.  of  required  radiation  as  ordinarily  calculated  may  be 
reduced  a  considerable  amount;  also,  that  the  size  of  piping 
may  be  lessened  by  its  use.   - 

The  usual  plan  is  to  estimate  the  radiation  by  the  ordi- 
nary method,  and  then  deduct  10  or  15  per  cent  if  the  ac- 
celerated hot-water  system  is  to  be  employed.  The  sises 
of  mains  for  this  system  may  be  found  by  the  following 
rule: 

Let  size  of  main  supplying  the  riser  or  radiator  connection 
farthest  from  the  boiler  be  two  sizes  larger  than  this  riser 
or  connection.  From  this  point,  work  toward  the  boiler,  in- 
creasing the  area  of  the  main  to  an  amount  sufficient  to 
equal  or  slightly  exceed  the  combined  areas  of  radiator 
valves  to  be  supplied.  All  branches  to  radiators  are  to  be 
of  the  same  size  as  the  connection  or  riser  they  are  designed 
to  feed.  Radiators  employed  in  accelerated  hot-water  heat- 
ing, are,  as  a  rule,  tapped  for  smaller  connections  than  in  the 
ordinary  open  method.  Table  33  shows  tapping  of  radi- 
ators for  various  amounts  of  radiation  with  accelerated  hot* 
water  heating  systems. 

TABLE  33 
Tapping  of  Radiators  in  Accelerated  Hot  Water  Heating  Systems 


Sq.  Ft.  of 

Sixes  of 

Sq.  Ft.  of 

Sises  of 

Radiation 

Radiator 

Radiation 

Tappmg 

Tapping 

30 

Wn. 
J4-in. 

100  and  over 

1    -in. 

30  to  75 

50 

K-in. 

75  and  over 

1    ^. 

50  to  125 

Ji-m, 

40 

J^i-in. 

125  and  over 

1  ^m. 

40  to  100 

H-m. 
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Connection  to  an  Indirect  radiator  in  the  basement,  or  to 
a  basement  ceiling  coil  or  wall  radiator,  should  be  taken 
from  a  riser  at  a  point  near  the  ceiling  of  the  first  floor. 
In  order  that  a  positive  circulation  of  water  may  be  main- 
tained through  the  basement  radiator  by  the  pressure  of  the 
water  due  to  the  head  or  height. 

BOILERS  FOR  HEATING  PLANTS 

Boilers  designed  for  heating  purposes  alone,  are  in  a  class 
separate  and  distinct  from  boilers  designed  to  supply  steam 
for  power  only,  or  for  a  combination  power  and  heating  sys- 
tem. Heating  boilers  intended  for  low-pressure,  systems  (2 
lbs.  and  under)  are  usually  constructed  of  hollow  cast-iron 
sections,  of  various  patterns  according  to  the  ideas  of  the 
builders,  the  object  being  to  present  as  many  sq.  ft.  of  heat- 
ing surface  as  possible  to  the  action  of  the  heat 

Cast  iron  has  proved  itself  to  be  the  best  material  for 
the  construction  of  this  type  of  sectional  boiler.  This  is 
owing  to  the  ability  of  cast  iron  to  withstand  the  action  of 
rust 

Sectional  boilers  for  heating  are  built  in  two  general 
forms — ^namely,  the  round  vertical  and  the  horizontal  rec- 
tangular shape.  The  round  boiler  is  built  up  of  hollow  cast- 
iron  cylindrical  sections  or  rings  laid  one  on  top  of  the  other, 
and  connected  by  means  of  either  screw  nipples,  or  push 
nipples,  thus  permitting  a  free  circulation  of  the  water.  The 
firebox  is  at  the  bottom,  and  the  sections  are  so  designed  as 
to  present  bafSers  or  projections  of  their  surfaces  into  the 
Interior  flue  or  passageway  leading  from  firebox  to  smoke- 
flue.  These  projections,  being  a  part  of  the  boiler,  and 
filled  with  water,  form  additional  heating  surface,  and  they 
also  serve  to  baffle  or  retard  the  heated  gases  on  their  way 
to  the  chimney,  thus  utilizing  more  of  the  heat  value  of  the 
fuel. 

The  horizontal  boiler  is  built  up  of  a  series  of  vertical 
sections,  the  usual  shape  of  which  is  in  the  form  of  an  in- 
verted U.  These  are  placed  side  by  side,  the  lower  por- 
tions of  the  legs,  or  waterways  being  connected  to  headers 
running  along  each  side  of  the  boiler,  near  the  bottom,  into 
which  the  returns  from  the  heating  system  are  conducted. 
The  water  for  heating  is  taken  from  the  top  of  the  boiler, 
or  from  a  header  connected  with  the  top  portions  of  the  sec- 
tions. The  furnace  is  in  front,  below;  and  the  upper  po> 
tions  of  the  sections  are  equipped  with  bafflers  in  the  same 
manner  and  for  the  same  purpose   as    those    described   in 
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TABLE  37 
Vertical,  Cylindrical-Shaped  Non-Sectional  Boilers  for  Steam 

Heating 


Ml 

ll 

i 

nil 

IP 

S«3 

So 

II 

S| 

ma 

1 

47 

27 

16 

42 

2 

2K 

2« 

8 

225 

52 

27 

16 

47 

2 

2>4 

2^ 

8 

250 

67 

27 

16 

52 

2 

2>i 

2^ 

8 

275 

48 

31 

20 

43 

2 

2H 

2H 

8 

325 

54 

31 

20 

49 

2 

2^ 

2K 

8 

375 

60 

31 

20 

55 

2 

2/ 

2« 

8 

425 

48 

36 

24 

43 

2 

3 

3 

8 

500 

64 

36 

24 

40 

2 

3 

3 

8 

650 

60 

36 

24 

66 

2 

3 

3 

8 

600 

66 

35 

24 

61 

2 

3 

3 

8 

700 

54 

40 

28 

49 

2 

4 

4 

9 

850 

60 

,  40 

28 

66 

2 

4 

4 

9 

925 

06 

40 

28 

61 

2 

4 

4 

9 

1000 

64 

44. 

32 

49 

2 

5 

6 

10 

1100 

60 

44 

32 

66 

2 

6 

6 

10 

1200 

66 

44 

32 

61 

2 

6 

6 

10 

1300  ' 

TABLE  38   . 
Horizontal^  Rectangular,  Sectional  Boilers  for  Hot-Water 
Heating 


6 

7 

8 

9 

10 

11 

12 


44x40 
44x48 
44x56 
44x64 
44x72 
44x80 
44x88 


II 

4 

II 


80 
80 
80 
80 
80 
80 
80 


60 
68 
76 
84 
92 
100 
108 


74 
74 
74 
74 
74 
74 
74 


ill 


18 
18 
18 
1& 
20 
20 


1 

III 


2-6 
2-6 
2-6 
2-6 
2-« 
2-« 


2-^ 
2-41 
2-6 
2-6 
2H8 

2-8 


T 


4010 


TOtf 
8806 
6000 

10006 
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TABLE  39 
Vertical,  Cylindrical-Shaped  Sectional  Boilers  for  Hot-Water 

Heating 


1 

m 

K25 

1 
ll 

111 

Is- 

C9* 

6 

16 

47 

20 

7 

2-l>i 

300 

5 

19 

51 

23 

7 

2-2 

425 

5 

20M 

54 

25 

8 

4-2 

3>i 

550 

6 

nn 

57 

28 

0 

4-2 

4 

800 

5 

27 

64 

33 

10 

6-2 

5 

1100 

6 

27 

69 

33 

10 

6-2 

5 

1200 

6 

30 

65 

36 

11 

8-2 

5 

1425 

6 

30 

70 

36 

11 

8-2 

5 

1550  . 

5 

34 

67 

40 

12 

8-2 

6 

1950 

6 

34 

72 

40 

12 

8-2 

a 

2150 

TABLE  40 
Vertical,  Cylindrical-Shaped,  Sectional  Boilers  for  Hot-Water 

Heating 


m 

i 

li 
II 

li 

^1 

III 

1 

1 

51 

34 

16 

4 

3-2 

3-2 

8 

400 

56 

34 

16 

5 

3-2 

3-2 

8 

.  500 

61 

34 

16 

6 

3-2 

3-2 

8 

525 

51 

38 

20 

4 

a-2H 

3-2K 

8 

625 

56 

38 

20 

5 

aria 

3-2}i 

8 

750 

61 

38 

20 

6 

3-2)4 

3-2K 

8 

825 

53 

42 

24 

4 

3-3 

3-3 

9 

900 

59 

42 

24 

5 

3-3 

3-3 

9 

1025 

65 

42 

24 

6 

3-3 

3-3 

9 

1150 

55 

46 

28 

4 

3-3^ 

3-3« 

10 

1250 

61 

46 

28 

5 

3-3^ 

3-3>i 

10 

1400 

67 

46 

28 

U 

3-3;i 

3-3H 

10 

1575 

56 

50 

32 

4 

3-4 

3-4 

11 

1650 

61 

50 

32 

5 

3-4 

3-4 

11 

1900 

67 

50 

32 

6 

3-4 

3-4 

11 

.  2075 

rr 
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Ing  different  capacities,  are  made  with  a  section  of  less  in- 
terior heating  surface,  to  provide  for  the  smaller  rating. 

Greater  capacity  in  sectional  hollers  may  he  obtained  by 
adding  extra  sections.  It  is  always  good  practice  to  install  a 
boiler  having  a  capacity  at  least  25  per  cent  greater  than 
is  called  for  in  the  specifications.  This  refers  to  direct  radi- 
ation. For  indirect  radiation,  the  reserve  capacity  should 
be  50  per  cent. 

•  The  boiler  referred  to  in  Table  37,  although  cast- 
iron,  has  not  as  many  sections  as  those  previously  described, 
the  lower  half  consisting  of  a  doubie  cylinder  casting  having 
a  large  water  space  surrounding  the  firebox. 

It  should  be  noted  that  the  ratings  given  in  connection 
with  boilers  for  either  steam  or  hot-water  heating  are  based 
upon  the  assumption  that  sufficient  radiation  will  be  installed 
to  heat  the  building  properly,  and  that  the  fine  or  chimney 
wilL  be  of  sufficient  capacity  to  supply  the  proper  draft  for 
the  boiler  furnace. 

Firebox  Boilers 

In  many  cases  it  is  more  convenient  to  install  firebox 
boilers  of  the  regular  pattern  for  supplying  steam  for  heating 
buildings.  Boilers  of  this  type  should  be  constructed  of  the 
best  open-hearth,  mild  steel  having  a  tensile  strength  of 
60,000  lbs.  per  sq.  in. 

These  boilers  are  built  either  vertical  or  horizontal.  The 
latter  type  is  the  better  adapted  for  heating  systems. 

Thickness  of  the  sheets  should  be  not  less  than  %  in.; 
a  thickness  of  5/16  in.  is  better. 

The  front  and  back  ends  of  boilers  of  the  horizontal 
type  rest  on  brick  piers,  and  the  boiler  should  be  encased 
in  brick  setting,  having  defiecting  baffles  of  brick  in  the 
smoke  chamber  at  the  back  end,  arranged  in  such  a  manner 
as  to  divert  the  hot  gases  in  their  course  from  the  boiler 
flues  to  the  chimney,  and  to  cause  them  to  return  imder  and 
around  the  shell  of  the  boiler,  and  thus  act  upon  all  por- 
tions of  the  heating  surface  before  their  final  exit  to  the 
open  air. 

Table  41  gives  dimensions  and  capacities  of  horizontal 
firebox  boilers  of  various  sizes;  also  complete  specifications 
relative  to  installation. 

It  should  be  noted  that  these  boilers  are  adapted  for 
either  steam,  or  hot-water  heating,  and  the  ratings  given  in 
Table  41  are  based  upon  a  standard  for  steam  of  2  lbs. 
pressure  at  boiler,  although  10  lbs.  may  be  carried  with 
safety. 
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For  hot-water  heating,  the  mean  temperature  of  the  water 
as  it  leaves  the  boiler  is  180°  F. 

Boiler  Horse-Power 

Although  the  term  horse-power  is  an  unsatisfactory  unit 
of  measurement  for  rating  the  capacity  of  a  boiler,  still 
by  its  use  it  is  possible  to  arrive  at  an  approximate  esti- 
mate of  boiler  capacities,  and  it  may  be  safely  used  in  cal- 
culating dimensions  of  boilers  designed  for  use  in  buildings 
where  the  power  plant  and  the  heating  system  are  combined. 

A  boiler  horse-power  as  defined  by  the  American  Society 
of  Mechanical  Engineers  is  "the  evaporation  of  30  lbs.  of 
water  from  a  feed-water  temperature  of  100  "^  F.,  into  steam 
at  70  lbs.  gauge  pressure;  or  the  evaporation  of  34^  lbs. 
of  water  from  and  at  a  temperature  of  212*"  F.  into  steam  at 
atmospheric  pressure."  Using  the  sq.  ft  of  heating  surface 
of  the  boiler  as  one  factor,  and  the  total  weight  of  water 
evaporated  per  hour  as  the  other,  if  it  is  found  that  the 
evaporation  equals  2.3  lbs.  of  water  per  hour  per  sq.  ft.  of 
heating  surface,  then  15  sq.  ft  of  heating  surface  will  be 
required  for  the  production  of  one  horse-power,  as  follows: 
34.5-^2.3=15.  Or,  if  the  evaporation  equals  3  lbs.  of  water 
per  sq.  ft  of  heating  surface,  the  number  of  sq.  ft  of  heat* 
ing  surface  required  per  horse-power  equals  34.5-^3=11.5. 

To  convert  a  pound  of  water  at  212''  temperature  into 
steam  at  atmospheric  pressure  and  212°  temperature,  re- 
quires 965.7  heat  units;  therefore,  heat  units  required  td 
produce  one  boiler  horse-power=965.7X  34.5=33,317  per  hour. 

COMBINED    POWER    AND    HEAJING    SYSTEMS 

In  many  cases,  especially  in  large  buildings,  the  heating 
system  is  combined  with  some  form  of  power  system  (for 
electric  lighting,  refrigerating  machinery,  or  pumps),  steam 
being  supplied  from  a  common  source.  The  plan  to  be  fol- 
lowed in  the  installation  of  a  system  of  this  kind  will  de- 
pend upon  the  method  to  be  pursued  in  its  operation. 

First — In  case  the  heating  of  the  building  requires  the 
greater  portion  of  the  steam,  the  boilers  supplying  this  steam 
will  be  operated  on  low  pressure,  the  steam  passing  directly 
from  boilers  to  heating  mains.  One  or  more  high-pressure 
boilers  are  also  installed  for  the  purpose  of  supplying  steam 
to  the  engines  or  pumps,  and  the  exhaust  from  these,  after 
passing  through  an  oil  separator,  is  carried  into  the  heat- 
ing mains  also,  the  pressure  on  the  exhaust  being  determined 
by  the  pressure  carried  in  the  heating  system. 
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Second'— If  operated  entirely  as  a  high-pressure  system, 
the  boilers  will  all  be  high-pressure;  and  the  bulk  of  the 
steam,  being  required  for  power,  will  pass  directly  to  the 
engines,  whence  it  is  exhausted  into  the  heating  mains.  A 
by-pass,  with  reducing  valve,  is  carried  from  the  live  steam 
main  to  the  heating  main;  and  if  at  any  time  the  exhaust 
should  fail  to  maintain  the  required  pressure  on  the  heat- 
ing main,  the  reducing  valve  opens  automatically,  and  the 
deficiency  is  made  up  with  live  steam  from  high-pressure 
main.  When  the  heating  pressure  is  again  up  to  standard, 
the  reducing  valve  automatically  closes,  either  partly  or  al* 
together. 

The  engine  exhaust  pipe  should  always  be  provided  with 
a  back-pressure  valve  opening  to  the  atmosphere,  in  order 
to  prevent  the  accumulation  of  excessive  pressure  on  the  ex- 
haust 

Either  method  of  operation  requires  the  installation  of 
one  or  more  high-pressure  boilers,  depending  upon  the  size 
and  requirements  of  the  building. 

Table  42  shows  specifications  for  high-pressure  hori- 
zontal tubular  boilers  of  various  capacities,  designed  to  carry 
100  lbs.  working  pressure.     Table  43  is  for  125  lbs. 

In  Tables  42  and  43,  the  radiating  capacities  given 
are  based  upon  the  assumption  that  all  mains  and  returns 
are  to  be  counted  as  radiation.  If  a  horizontal  smoke-pipe 
or'  breeching  leads  to  the  stack,  it  must  be  15  to  25  per 
cent  larger,  the  increase  depending  upon  length  of  pipe  and 
number  of  elbows,  or  turns  it  makes  before  reaching  the 
stack. 

Water-Tube    Boiler 

The  object  sought  for  in  this  type  of  boiler  is  safety  in 
connection  with  power.  Modem  engineering  demands  high 
pressures;  and,  as  one  result  of  this  demand,  the  water-tube 
boiler  has  been*  developed  to  a  high  degree  of  perfection: 

The  usual  type  of  construction  is:  one  or  more  steam 
drums  built  of  the  best  boiler  steel,  according  to  specifica- 
tions for  high  pressures.  To  the  ends  are  connected  water 
legs  of  large  capacities.  These  are  in  some  cases  made  of 
the  same  material  as  the  steam  drum  or  shell;  and  in  other 
cases,  they  consist  of  tubes.  In  either  type,  these  water 
legs  are  always  connected  at  the  bottom  by  a  series  of  tubes 
exposed  to  the  heat  of  the  furnace.  Circulation  of  the  water 
is,  as  a  rule,  very  good  through  these  tubes,  water  legs, 
and  the  lower  portion  of  the  steam  drum;  and  steam  gen- 
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erates  rapidly.  Since  the  bottom  of  the  drum  is  exposed 
to  the  furnace  heat,  the  water  must  also  be  maintained  in 
the  drum  at  a  certain  height,  and  still  leave  sufficient  steam 
-space.  The  pressures  carried  by  these  boilers  are  usually 
200  to  225  lbs.  per  sq.  in. 

Feed-Water  Heaters 

The  great  benefits  derived  from  heating  the  feed  water 
before  it  enters  the  boiler;  and  the  economy  in  fuel  there- 
by attained  when  exhaust  steam  is  utilized  for  this  purpose, 
are  beyond   question,   and  need  not  here  be  discussed. 

Table  44  gives  dimensions  and  other  details  of  feed- 
water  heaters  designed  for  power  and  heating  plants  of 
from  50  to  3,000  hor^e-power. 

TABLE  44 
Feed- Water  Heaters 
("Kewanee"  Type) 


Hon*  Power. 

DtaiMter. 

HelchL 

Exhamt 

HocWttcr. 

Cold  Wator. 

Ship»tatWirt. 

locbM. 

tnchM. 

idchu. 

IndMt. 

iachn. 

• 

pooadt. 

« 

60 

24 

72 

3 

•         IK 

? 

900 

100 

24 

78 

3, 

2 

1000 

150 

ao 

78 

4' 

2 

1 

1200 

200 

so 

84 

6 

2H 

IV 

\m 

250 

80 

90 

< 

tyi 

IX 

13S0 

900 

?0 

M 

6 

IH 

1450 

400 

86 

96 

6 

SH 

IK 

180O 

500 

S6 

103 

6 

3M 

2 

1950 

600 

42 

106 

7 

2 

2300 

750 

42 

120 

7 

2« 

2500 

600 

42 

132 

7 

2K 

2700 

1000 

48 

132 

i 

2.'^ 

SMO 

1250 

48 

138 

2.'* 

3600 

l&OO 

54 

132 

8 

3 

4400 

1750 

54 

138 

8 

3 

4700         t 

aooo 

64 

144 

8 

8 

6O0O 

2500 

60 

168 

10 

3K 

6O00 

30U0 

00 

192 

10 

8K 

6600 

HOT-AIR  HEATING  AND  VENTILATING  SYSTEMS 
Hot-air  furnaces  may  be  constructed  either  of  cast  iron 
or  of  steel,  there  being  very  little  difference  between  the 
merits  of  the  two  materials  for  this  purpose.  While  cast  iron 
is  less  sensitive  to  the  action  of  rust  when  the  furnace  stands 
idle  during  the  summer,  it  is  more  easily  broken  by  shrink- 
age strains  than  steel  is,  and,  when  very  hot,  it  may  be 
slightly  permeable  to  the  furnace  gases,  and  thus  increase 
the  danger  from  noxious  fumes.  The  danger  from  this 
source,  however,  is  slight,  because,  if  the  furnace  is  properly 
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proportioned,  the  temperature  need  not  exceed  300 **  or  400*" 
F.,  and  for  this  condition,  the  difference  In  the  heating  power 
of  cast  iron  and  steel  Is  a  negligible  quantity.  On  the  other 
hand,  cast  Iron,  owing  to  its  rough  surface.  Is  a  better  medium 
for  giving  off  heat  than  wrought  Iron  or  steel. 

Since  air  takes  up  heat  much  more  slowly  than  does 
water  or  steam,  the  ratio  of  heating  surface  to  grate  sur- 
face should  be  more  than  that  usually  employed  in  steam 
heating,  which  latter  varies  from  20  to  45,  averaging  about 
32;  while  ratio  of  air-heating  surface  to  grate  surface  in 
hot-air  furnaces  varies  from  20  to  50,  the  average  being  35. 

Each  sq.  ft.  of  heating  surface  may  be  assumed  to  give 
off  1,000  to  1,500  B.  T.  U.  per  hour.  A'  furnace  should  be  so 
proportioned  that  the  temperature  of  air  leaving  it  will  not 
exceed  180 "^  F.T  and  in  selecting  a  furnace,  it  is  best  to 
have  25  to  50  per  cent  more  heating  capacity  in  the  furnace 
than  the  building  is  rated  at.  Builders  rate  their  furnaces 
at,  or  at  about,  their  maximum  capacity,  the  rating  being  ex- 
pressed as  number  of  cu.  ft.  of  building  volume  the  furnace 
wiU  heat 

General   Form  of  Hot-AIr  Furnace 

The  same  principles  that  apply  in  the  construction  of 
fomaces  for  steam  and  hot-water  heating,  may  also,  with  a 
few  modifications,  be  applied  to  the  installation  of  hot-air 
furnaces.  It  is  essential  that  the  shell  of  the  furnace  be 
tight;  otherwise  products  of  combustion  may  enter  the  air 
passages. 

A  furnace  may  be  set  in  a  chamber  surrounded  by  brick 
walls.  A  better  setting  Is  a  metallic  casing  consisting  of 
two  sheets  of  metal,  the  outer  one  of  galvanized  iron.  These 
sheets  are  placed  far  enough  apart  to  allow  a  filling  of 
asbestos  between  them,  or,  as  in  some  cases,  simply  an  air- 
space serves  as  the  insulation.  Ample  space  is  provided  be- 
tween the  casing  and  the  sides  of  the  furnace  proper  for  the 
passage  of  the  heated  air.  A  dumping  or  shaking  grate 
which  can  be  quickly  cleaned,  should  be  used. 

There  should  be  1  sq.  ft.  of  grate  surface  for  each  30 
to  50  sq.  ft  of  heating  surface  in  the  furnace. 

Regulation  of  the  draft  should  be  made  available  from 
the  first  floor  of  the  building. 

Heated  air  requires  more  moisture  than  cold  air  does  to 
maintain  the  proper  degree  of  saturation;  for  instance,  one 
pound  of  air  at  32*  F.  will  hold  in  the  form  of  vapor  .003 
lb.  of  water;   but  at  150*'  temperature,  it  will  hold  .22  lb.. 
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or  about  70  times  asr  much  moisture.  For  this  reason,  every 
furnace  should  be  provided  with  a  water-pan  in  which  water 
may  be  kept  for  Increasing  the  moisture  in  the  air  as  it  is 
distributed  to  the  various  rooms.  A  good  plan  is  to  fit  each 
pipe  leaving  the  furnace,  with  a  trough  or  pan  inside,  for 
containing  water  from  which  the  heated  air  may  take  up 
its  moisture  in  passing. 

Cold-Air  Supply.  The  cold-air  supply  for  the  furnace  con- 
sists  of  a  passageway  or  duct  of  wood,  metal,  or  masonry, 
leading  from  a  point  beneath  the  furnace  casing  or  near  its 
bottom  to  the  outside  air,  usually  on  that  side  of  the  buildins 
which  is  subject  to  the  prevailing  winds.  This  cold-air 
passageway  or  duct  should  be  provided  with  a  damper  for 
regulating  the  supply.  In  all  cases  there  should  be  a  screen 
over  the  outer  end,  to  prevent  the  admission  of  foreign  mat- 
ter; and  doors  should  be  arranged  so  that  it  can  be  cleaned 
periodically.  The  cross-section  of  the  cold-air  duct  should  be 
80  per  cent  of  the  sum  of  the  sectional  areas  of  all  the  hot- 
air  pipes  leading  from  the  furnace  to  various  parts  ol  the 
building. 

Leaders  and  Flues  for  Heating  Air.  Leader  pipes,  takoi 
from  near  the  top  of  the  furnace  casing,  are  usually  round, 
made  of  bright  tin,  and,  when  running  horizontally,  should 
have  an  ascending  pitch  of  at  least  .75  inch  to  the  foot 
These  pipes  should  have  as  few  and  as  easy  turns  as  pos- 
sible, and  should  not  be  placed  in  the  outside  walls.  The 
vertical  flues,  or  risers,  are  rectangular  in  shape,  made  in 
dimensions  to  fit  in  the  partitions,  and  are  connected  at  the 
bottom  with  the  horizontal  leaders,  whence  they  extend  to 
the  various  floors. 

In  calculations  for  dimensions  of  risers,  the  velocity  of 
the  heated  air  for  the  first  floor  may  be  taken  at  3  to  4 
ft.  per  second;  for  the  second  floor  at  4  to  5  ft.  per  second; 
for  third  floor  and  above,  at  5  to  6  ft  per  second.  These 
flues  should  be  double-walled,  having  an  air-space  or  as- 
bestos between  the  walls. 

Registers.  The  dimensions  of  the  registers  should  be  cal- 
culated on  the  basis  of  an  air  velocity  of  2  to  3  ft  per 
second  on  the  flrst  floor,  and  3  to  4  ft  per  second  on  floors 
above.  The  effective  area  of  ordinary  registers  is  about  60 
per  cent  of  actual  outside  area. 

Air  in  principal  rooms  should  be  changed  5  times  per 
hour  in  hot-air  heating  systems.  H.  B.  Carpenter,  before  the 
Society  of  Heating  and  Ventilating  Engineers  (see  Transao- 
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tions,  Vol.  6,  p.  77),  gives  rules  as  follows  for  finding  cu.  ft 
of  air  passing  per  minute  through  pipes. 

For  first  floor,  area  of  pipe  in  sq.  in.  X  1.25. 

For  second  floor,  area  of  pipe  in  sq.  In.  X  1.66. 

For  third  floor,  area  of  pipe  In  sq.  in.  X  2.08. 

Table  45  gives  sizes  of  openings,  and  areas  of  registers,  for 
hot-air  systems  of  various  capacities. 

TABLE  45 
Hot-Air  Registers 


Diam. 

Diam. 

Sixeof 

Effective 

Round 

Siseof 

Effective 

Round 

Opening, 

Area, 

Pipe, 

Opening, 

Area, 

Pipe, 

Inches 

Sq.In. 

Inches 

Inches 

Sq.In. 

Inches 

4Hx6H 

20 

5.1 

10x20 

132 

13.0 

4x  8 

21 

5.2 

12x12 

96 

11.1 

4x10 

26 

5.8 

12x14 

112 

11.9 

4x13 

34 

6.6 

12x15 

120 

12.4 

4x15 

40 

7.2 

12x16 

128 

12.8 

4x18 

48 

7.8 

12x17 

136 

13.2 

6x6 

24 

5.6 

12x18 

144 

13.5 

6x8 

32 

6.4 

12x19 

152 

13.9 

6x  9 

36 

6.7 

12x20 

160 

14.3 

6x10 

40 

7.2 

12x24 

192 

15.6 

6x14 

56 

8.5 

14x14 

130 

12.8- 

6x16 

64 

9.1 

14x16 

149 

14.8 

6x18 

72 

9.6 

14x18 

168 

14.9 

6x24 

96 

11.1 

14x20 

186 

15.5 

7x7 

32 

6.4 

14x22 

205 

16.2 

7x10 

52 

8.2 

15x25 

250 

17.8 

8x8 

42 

7.4 

16x16 

170 

14.7 

8x10 

53 

8.2 

16x20 

213 

16.5 

8x12 

64 

9.6 

16x24 

256 

18.1 

8x15 

80 

10.1 

18x24 

288 

19.2 

8x18 

96 

11.2 

20x20 

267 

18.5  . 

9x9 

54 

8.2 

20x24 

320 

20.2 

9x12 

72 

9.6 

20x26 

347 

21.0 

9x13 

78 

10.0 

21x29 

406 

22.7 

9x14 

84 

10.3 

24x24 

384 

22.1 

10x10 

66 

9.2 

24x32 

512 

25.5 

10x12 

80 

9.1 

27x27 

486 

26.0 

10x14 

93 

10.9 

27x38 

684 

29.5 

10x16 

107 

11.7 

30x30 

600 

27.7 

10x18 

120 

12.4 



Table  46  shows  required  proportions  of  flues,  grate  area 
and  heating  surface. 
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TABLE  46 


Froportlons  of  Flues,  Grate  Area,  and  Heating  Surface  in  Hot-Ak 
Heating 

■ 

1st  Floor 

2d  Floor 

Fnmaoe 

Contents 

Hot-Air 

Foul-Air 

Hot-Air 

Foul-Air 

Grate 

Heating 

of  Room 

Flue 

Flue 

Flue 

Flue 

Area, 

Surface, 

Cu.  Ft. 

Diam., 

Diam., 

Diam., 

Diam., 

Sq.  In. 

8q.Ft. 

In. 

In. 

In. 

In. 

600 

6 

6 

6 

6 

25 

5 

1,000 

8 

8 

7 

7 

60 

10 

1,500 

9 

9 

8 

8 

75 

15 

2,000 

10 

10 

9 

8 

100 

30 

2,500 

11 

11 

10 

9 

125 

25 

3,000 

12 

12 

11 

9 

150 

90 

3,500 

13 

13 

11 

10 

175 

35 

4,000 

14 

14 

12 

10 

200 

40 

6,000 

16 

16 

14 

12 

250 

50 

6,000 

17 

17 

15 

12 

300 

62.5 

8,000 

20 

20 

18 

14 

350 

80 

10,000 

24 

24 

20 

16 

400 

100 

It  is  assumed  in  the  above  table,  that: 

Temperature  of  outside  alr=0*; 

Temperature  of  air  entering  room8=160*; 

Temperature  of  air  in  room8=70*; 

Changes  of  air  in  rooms,  3  per  hr. 

Velocity  of  air  in  hot-air  flues,  1st  floor,  3  ft.  per  aecond. 

Velocity  of  air  in  hot-air  flues,  2d  floor,  4  ft.  per  second. 

Velocity  of  air  in  foul-air  flues,  1st  and  2d  floors,  3  ft  per 
second. 

Proportion  of  grate  surface  to  heating  surface,  1  to  30. 

Lbs.  of  coal  burned  per  sq.  ft  of  grate  surface  per  hr.= 
3  lbs. 

MECHANICAL    HEATING    AND    VENTILATION 

Mechanical  or  fan  heating  consists  in  flrst  driving  the 
cold  air  over  heated  surfaces,  and  thence  into  the  roqpu 
to  be  warmed.  The  general  arrangement  of  this  system 
of  heating  consists  of  one  or  more  rotary  fans  located  in 
what  is  called  the  tempering  room.  The  fan  Is  driven  by  an 
electric  motor,  or  by  a  gas  or  steam  engine;  and  its  func- 
tion is,  first,  to  draw  the  outside,  cold  air  through  temporary 
colls,  into  the  tempered  air-chamber,  and  then  force  the  air 
through  a  series  of  heating  coils  into  the  hot-air  chamber. 


HEATING  AND  VENTILATING  493 

From  this  chamber,  the  air,  at  a  temperature  of  ISC 
to  140°,  is  allowed  to  pass  to  the  various  rooms,  as  re- 
quired. 

When  used  for  ventilation  only,  the  air  Is  delivered  by 
the  fan  directly  from  the  tempered  air-chamber  to  the  rooms, 
the  heating  of  the  rooms  being  done  by  direct  radiation.  The 
temperature  of  the  air  as  it  leaves  the  ventilating  fan  ranges 
from  60'  to  70*. 

In  some  systems  the  fan  Is  made  to  perform  the  double 
function  of  heating  and  ventilating  the  building.  This  is 
known  as  the  double-direct  system,  and  is  the  mechanical 
system  in  most  extensive  use.  In  this  system  «the  heating 
surface  is  concentrated  near  the  fan,  and  a  flue  or  passage 
Is  provided  directly  over  it  for  hot  air,  and  another  passage 
around  it  for  cool  air.  These  two  flues  are  kept  separate 
for  some  distance,  but  Join  at  the  bottoms  of  the  vertical 
flues  leading  to  the  rooms. 

Regulating  dampers  are  arranged  in  the  rooms  in  such  a 
manner  that  the  admission  of  ventilating  air,  and  the 
throttling  of  heated  air,  or  vice  Versa,  are  entirely  imder  con- 
trol of  the  occupants  of  the  rooms. 

Heating  Coils.  The  heating  surface  employed  in  this  sys- 
tem is  usually  built  of  inch  pipe  set  vertically  into  a  cast- 
iron  base  and  connected  at  top  with  return  bends,  although 
the  box  coll,  or  any  form  of  indirect  radiating  surface  can 
be  used.  The  heaters  should  be  designed  to  afford  free  cir- 
culation of  the  steam,  and  a  ready  removal  of  the  water  of 
condensation. 

A  heating  surface  will  emit  from  600  to  1,000  B.  T.  U. 
per  sq.  ft.  per  hour,  and  should  average  1  sq.  ft.  for  every 
13  to  15  cu.  ft.  of  air  heated  from  0*  to  120°  F.  per  minute. 
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The  heater  should  be  designed  so  as  to  allow  ample  area 
for  the  passage  of  air  through,  between  the  coils,  at  a 
velocity  of  about  1,200  feet  per  minute.  Tempering  coils 
should  be  not  less  than  12  pipes  deep. 

Table  47  gives  dimensions  and  capacities  of  heater  coils 
designed  for  use  in  connection  with  the  fan  system  of  heat> 
ing.  Sizes  of  fans  are  also  given,  the  Information  having 
been  supplied  by  the  American  Blower  Company.  Table 
48  gives  (fetailed  information  relative  to  dimensions  and 
capacities  of  fans,  together  with  motive  power. 

TABLE  48 

Dimensions,  Capacities,  and   Motive   Power  of  Fans 
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Size  of  Air-Ducts.  Sizes  and  capacities  of  air-ducts  are 
to  be  determined  by  the  velocity  of  the  air  passing  through 
the  ducts.  For  main  ducts  of  large  dimensions,  the  velocity 
of  the  air  may  be  1,600  ft.  per  minute.  For  branch  mains, 
the  velocity  varies  from  800  to  1,000  ft.;  it  should  not  exceed 
1,000  ft.  per  minute. 

The  velocity  in  flues  leading  to  the  various  rooms  de- 
pends upon  their  size,  but  should  range  from  600  to  800  ft 
per  minute.  In  case  the  size  of  these  ducts  is  very  small, 
the  velocity  is  often  reduced  to  400  ft.  per  minute. 

At  the  registers,  the  velocity  should  not  exceed  300  ft 
per  minute,  unless  the  registers  are  very  large,  and  so  located 
that  the  current  of  air  issuing  from  the  register  does  not 
directly  strike  the  occupants  of  the  room.  In  such  Installa* 
tions  the  velocity  of  the  issuing  air  may  be  as  )iigh  as  SOO 
ft  per  minute. 

If  these  proportions  for  air  velocities  are  adhered  to  In 
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the  Installation  of  a  system  of  mechanical  heating  and  van- 
tilation»  the  resistance  will  be  from  .3  to  .6  oimce  pressure 
for  the  system. 

Protection  from  Fire.  Where  hot-air  or  steam  pipes  pass 
np  through  partitions  near  woodwork,  there  is  always  more 
or  less  danger  of  fire,  the  extent  of  the  danger  depending 
upon  the  insulation  of  the  heat  conductors,  the  proximity  of 
these  conductors  to  woodwork,  and  the  methods  pursued  in 
the  installation  of  the  system.  Various  cities  and  mtmicipali- 
tles  have  In  force  various  laws  regulating  the  installation 
of  heating  plants;  but  one  of  the  best  rules — if  not  the  best 
— to  be  observed  when  installing  a  plant,  is  to  property  in- 
sulate all  heat  conductors.  This  rule  is  not  only  safe,  but 
it  is  also  on  the  side  of  economy. 
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Plumbing 


Under  this  general  term  Is  Included: 

(1)  The  water  supply  to  the  building,  and  its  proper  di» 
tribution  to  the  various  fixtures;  the  proper  arrangement 
of  all  traps  and  vent  lines;  the  installation  of  apparatus  for 
heating  the  water  for  culinary  purposes*  and  the  proper  in- 
stallation of  all  plumbing  fixtures,  together  with  such  me- 
chanical appliances  as  house,  and  fire  pumps,  suction  and  siiik 
ply  tanks,  besides  other  apparatus  connected  with  the  nae 
of  water. 

(2)  No  less  Important  than  the  water  supply  is  the  proper 
drainage  of  all  waste  matter  from  the  building;  and  this  also 
is  a  portion  of  the  plumber's  duty. 

Notwithstanding  the  importance  of  the  plumber's  work,  it 
is  as  a  rule  given  very  little  attention  by  the  average  archi- 
tect in  the  preparation  of  plans  and  specifications.  The 
plans  may  show  a  toilet-room  located  here,  a  sink  there, 
lavatories  scattered  promiscuously  about;  and  there  may  be 
a  few  lines  on  the  basement  plan  to  indicate  the  general 
direction  of  the  sewer,  but  seldom  more.  It  therefore  falls  to 
the  lot  of  the  plumber  to  figure,  if  he  can,  how  to  reach 
the  various  fixtures  with  his  lines.  He  must  also  find  the 
best  locations  he  can  for  water-heaters,  pumps,  and  tanks; 
also  where  to  install  the  risers  and  vent  lines.  The  incom- 
plete nature  of  the  drawings  is  very  often  recompensed, 
to  some  extent,  by  carefully  outlined  specifications,  although 
these  may  at  the  same  time  be  inadequate  and  indefinite, 
abounding  in  such  terms  as  "pipes  of  ample  size,"  ''valves  sat- 
isfactory to  the  architect,"  "water-heater  of  sufficient  ca- 
pacity," etc.,  thus  placing  upon  the  plumber  practically  the 
entire  responsibility  for  the  designing  and  proper  working  of 
the  system. 

WHAT  PLUMBING  PLANS  SHOULD  SHOW 

The  plumbing  for  a  building  should  be  so  Indicated  to 
the  drawings  and  described  in  the  specificatioxfs  as  to  cover 
everything  required,  and  so  clear  and  concise  as  to  be  readily 
understood  by  the  average  plumbing  contractor.  The  posi- 
tions of  all  mechanical  appliances  in  connection  with  the 
plumbing  should  be  clearly  shown,  upon  whatever  floor  plan 
such  appliance  may  be  located.    All  runs  of  piping  through 
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basement,  together  with  the  size  of  same,  should  be  con- 
cisely indicated  in  the  basement  drawing.  House  traps,  bell 
traps,  area  drains,  sump  pits,  conductor  lines,  etc.,  should 
be  located  beyond  dispute.  Branches  to  risers,  with  size 
plainly  indicated,  together  with  location  of  such  risers,  should 
be  shown;  and  valves  and  stop-cocks  should  be  plainly  in- 
dicated. 

In  addition  to  the  plumbing  lines  shown  on  the  plans, 
there  should  be  prepared  a  riser  diagram  showing  the  serv- 
ing of  each  and  every  fixture  on  each  floor  of  the  building. 
This  riser  diagram  should  show  clearly  all  water  lines,  waste 
lines,  soil  lines,  vent  lines,  fire  lines,  etc.,  at  each  and 
every  floor  throughout  the  building,  giving  the  relative  posi- 
tion and  arrangement  of  the  waste  and  vent  lines  for  each 
fixture,  with  the  sizes  of  all  lines  plainly  designated.  Pipes 
of  the  various  characters  can  be  indicated  by  different  kinds 
of  broken  or  dotted  lines,  with  a  properly  arranged  index 
on  the  drawing,  showing  the  kind  of  service  each  line  per- 
forms. 

Where  there  are  groups  of  fixtures,  and  where  it  is  de- 
sirable to  show  connections  to  pumps,  house  tanks,  filters, 
etc.,  it  is  advisable  to  prepare,  on  a  larger  scale  than  is 
ordinarily  used,  a  detailed  drawing  showing  the  exact  ar- 
rangement of  all  piping,  together  with  all  fittings.  Joints, 
valves,  traps,  etc.;  but  where  the  plumbing  is  ordinary 
straight  and  simple  work,  such  detailed  drawing  may  be 
omitted. 

The  specifications  should  indicate  in  the  clearest  pos- 
sible manner  the  quality  of  the  materials  to  be  used,  and  the 
method  of  installation. 

The  location,  size,  depth,  and  general  direction  of  the 
street  sewer,  if  there  is  any,  should  be  clearly  described; 
and  if  there  is  no  street  sewer,  the  final  disposition  of  the 
sewage  should  be  given  in  detail. 

The  location  and  size  of  the  city  water  main  from  which 
the  water  supply  is  to  be  taken  should  be  plainly  stated, 
along  with  the  water  pressure  at  source  of  supply.  This 
Information  can  be  obtained  in  any  well-regulated  munici- 
pality, where  it  is  always  kept  on  file.  The  specification 
should  list  accurately  the  number  of  each  style  of  fixtures 
to  be  located  on  each  floor  of  the  building,  and  should 
give  such  an  accurate  and  detailed  description  of  such  fix- 
tures and  the  trimmings  as  to  leave  no  doubt  as  to  what 
is  desired. 
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SEWER    AND    CONNECTIONS 

The  first  thing  to  he  considered  In  the  layout  of  a  plumb- 
ing Job  is  the  sewer  and  connections. 

The  sewer  is  usually  constructed  of  salt-glazed  Titrifled 
sewer-pipe,  laid  to  an  even  grade,  joints  made  with  Port- 
land cement  and  clean,  sharp  sand  (1  part  cement  to  2  parts 
sand),  all  joints  to  be  carefully  swabbed  on  the  Inside  after 
making. 

Connections  to  main  sewer  should  be  made  with  a  Y; 
or,  if  main  sewer  has  no  T  connection,  the  entrance  to  the 
sewer  should  be  made  in  such  a  manner  that  the  sewage  win 
strike  at  an  angle  in  the  direction  of  flow  in  the  main 
sewer.  From  the  main  sewer,  the  branch  for  the  building 
should  continue  with  a  gradual  incline  up  to  the  same,  and 
should  terminate  at  a  point  not  less  than  5  ft.  from  the 
building,  from  which  point  it  is  to  be  extended  into  the  build- 
ing with  cast-iron  soil  pipe,  preferably  the  "Extra  Heavy* 
grade. 

Sewer  Traps   and    Ventilation 

The  utility  of  a  house,  main,  or  intercepting  trap  In  the 
sewer  line  is  a  question  that  has  called  forth  considerable 
discussion,  both  for  and  against,  and  both  sides  have  their 
good  and  bad  points.  The  Building  Department  of  the  City 
of  New  York  specifies  that  "an  iron  running  trap  must  be 
placed  on  the  house  drain  near  the  wall  of  the  house,  and 
on  the  sewer  side  of  all  connections — except  a  drlp-plpe. 
where  one  is  used.  If  placed  outside,  the  house,  or  below 
the  cellar  floor,  it  must  be  made  accessible  in  a  brick  man- 
hole, the  walls  of  which  must  be  8  in.  thick,  with  an  Iron 
or  flagstone  cover.  When  outside  the  house,  it  must  never 
be  less  than  3  ft.  below  the  surface  of  the  ground.'* 

Whether  a  trap  is  used  or  not,  the  soil  stack  (or  stacks) 
should  always  extend  up  to  and  through  the  roof.  It  should 
never  be  connected  to  a  chimney.  No  steam  exhaust,  boiler 
blo^-olT,  or  drip-pipe  should  be  connected  with  the  house 
drain  or  sewer.  Such  pipes  should  first  discharge  into  a 
proper  condensing  tank;  and  from  this  a  connection  to  the 
house  sewer  outside  the  building  should  be  provided.  In  low- 
pressure  systems  the  condensing  tank  may  be  omitted,  bat 
the  waste  connection  should  be  as  above  required.  When 
rain-leaders  or  downspouts  are  connected  to  the  sewer,  the 
proper  size  ot  pipe  may  be  determined  from  table  1,  which 
Is  based  on  an  average  rainfall.  All  leaders  should  be 
trapped  at  the  base. 
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TABLE  1 
Size  of  House  Drains  for  Carrying   Rain  Water 
%-lnch  fall  ^4nch  fall 

SiseofPipe  Per  foot  Per  foot 

B-in 3,700  sq.  ft. — roof  area. .  5,500  sq.  ft. — ^roof  area 

6-in 5,000  sq.  ft. — roof  area. .  7,500  sq.  ft. — roof  area 

7-lii. .....  6.900  sq.  ft — roof  area— 10,000  sq.  ft. — roof  area 

8-ln 11,600  sq.  ft — ^roof  area.  .13,600  sq.  ft — ^roof  area 

9-lii 11,600  sq.  ft. — ^roof  area.  .17,400  sq.  ft. — roof  area 

An  easy  rule  to  remember  In  this  connection  is  to  allow 
1  sq.  in.  pipe  area  for  each  250  sq.  f^.  of  roof  area.  A  cistern 
overflow  should  never  be  connected  into  the  house  sewer  if 
it  can  be  avoided,  as  there  always  exists  the  possibility  of 
the  sewer  choking  or  clogging  up,  and  backing  up  into  the 
cistern.  When  a  cistern  overflow  must  go  into  the  sewer, 
there  should  be  a  trap  and  vent  pipe  inserted  in  the  pipe 
leading  to  the  sewer. 

Sizes  of  House  Sewers 

House  sewers  and  house  drains  should  be  at  least  4  in. 
In  diameter  where  water-closets  discharge  into  them.  Where 
rain  water  discharges  into  them,  the  house  sewer  and  house 
drain,  up  to  the  leader  connections,  should  conform  to  the  ^ 
sizes  indicated  in  Table  1.  Full-size  T  and  T  branch  fittings 
for  hand-hole  clean-outs  should  be  provided. 

It  is  good  practice  to  run  the  sewer  pipe  one  size  larger 
than  the  soil-pipe  that  discharges  into  it,  owing  to  the  greater 
frlctional  resistance  of  the  clay  sewer  pipe.  For  instance, 
if  the  soil-pipe  is  4  in.  in  diameter,  the  sewer  should  be  5 
in.,  but  no  larger  unless  other  soil-pipes  discharge  into  it, 
in  which  case  its  internal  area  should  be  such  as  to  insure 
its  being  able  to  carry  away  the  total  discharge  when  it 
is  flushed  or  nearly  so.  It  is  better,  however,  to  install  a 
size  that  will  be  flushed,  or  nearly  so,  by  the  water  flowing 
through  it,  than  to  install  a  size  so  large  that  the  water 
passing  through  it  reaches  only  part  way  up  the  sides,  since 
in  the  latter  case  there  is  a  tendency  to  allow  the  floating 
matter  to  adhere,  and  in  time  the  accumulation  may  cause 
a  stoppage. 

Care  should  be  exercised,  that  the  house  drain  be  not 
given  too  much  incline  toward  the  street  sewer,  as  there  is 
danger  that  the  water  may  travel  so  rapidly  as  to  run  ahead 
of  the  solid  matter,  allowing  the  latter  to  be  deposited  in 
the  pipe  to  present  an  obstruction  to  the  next  discharge.  An 
average  velocity  of  276  ft  per  minute  in  the  flow  of  the 
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sewage  will  carry  all  matter  from  the  sewer.    Ordinarily,  a 
fall  of  %  in.  per  foot  is  more  than  ample. 

Sewage  is  carried  along  in  the  pipes  only  by  flotation. 
It  Is  therefore  very  important  that  the  size  of  pipe,  and 
velocity  of  flow  be  calculated  correctly. 

Table  2  shows  the  fall  or  pitch  required  for  various  sizes 
of  sewers,  the  average  velocity  of  flow  to  be  276  ft  per 
minute. 

TABLE  2 
Fall  Per  Foot,  Giving  Flow  of  276  Feet  Per  Minute  In  Various 

Sizes  of  Sewera 
Size  of  Fall  or  Pitch 

Sewer  Required 

2-in 1  ft.  in  20  ft 

S-in 1  ft.  in  30  ft. 

4-in 1  ft.  in  40  ft 

5-in 1  ft  in  50  ft. 

6-in 1  ft  In  60  ft 

7-in 1  ft  in  70  ft 

8-In 1  ft  in  80  ft 

9-fn 1  ft  in  90  ft 

10-in 1  ft  in  100  ft 

Fresh-Air  Inlet 
A  fresh-air  inlet  should  be  installed  in  connection  with, 
the  main  trap,  for  the  purpose  of  relieving  the  air-pressure 
that  may  accumulate  in  the  system,  and  to  create  a  current 


Fig.   1.     installing  a  Trap   and   Freah-Air   Inlet. 


of  fresh  air  throughout  the  entire  system  of  piping.  Thif 
fresh-air  inlet  should  be  installed  at  a  point  a  short  di^ 
tance  beyond  the  trap,  so  as  to  avoid  the  possibility  of  thr 
water  seal  becoming  frozen  in  the  winter,  and   also  tx)  de- 
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crease  the  evaporation  that  will  occur  If  the  inlet  is  intro- 
duced directly  Into  the  hub  or  top  of  the  trap.  It  is  good 
practice  to  use  a  trap  with  hubs  for  double  vent,  as  this  will 
allow  clean-outs  to  be  placed  on  both  sides  of  the  water 
seal,  and  afford  free  access  to  the  sewer  for  cleaning  pur- 
poses. Fig.  1  illustrates  this  method  of  installing  a  trap 
and  fresh-air  inlet. 

Roughing  In 

At  this  point  a  few  words  may  well  be  said  regarding 
the  proper  method  of  handling  soil-pipe.  The  best  way  to  cut 
soil-pipe  is  with  a  narrow,  sharp-pointed  chisel  and  a  me- 
dium-weight hammer.  This  gives  better  results  to  the  aver- 
age mechanic  than  the  use  of  three-wheel  cutters,  on  account 
of  the  liability  to  crack  the  pipe,  which  1^  very  easily  done 
with  the  cutters  because  of  the  pipe  not  being  of  uniform 
thickness  throughout,  and  because  with  the  cutters  this  varia- 
tion in  thickness  cannot  be  so  easily  detected  as  with  the 
hammer  and  chisel,  the  ear  being  of  great  assistance  in  de- 
termining where  the  pipe  is  thick  and  thin.  Lay  the  pipe 
on  the  floor,  and  place  a  narrow  piece  of  wood  under  the 
place  marked  for  cutting.  The  pipe  should  be  marked  with 
chalk  entirely  around  at  .the  place  where  it  Is  to  be  cut 
Then  use  the  chisel  and  hammer.  Filing  a  groove  aroimd 
the  pipe  where  it  is  to  be  cut  is  not  necessary,  since  the 
chisel  will  make  a  clean,  square  cut  if  properly  used. 

Table  3  gives  the  weights  per  foot,  of  soil-pipe  and  ven^ 
pipe  of  various  diameters. 

TABLE  & 
Weight  of  Soil-Pipe  and  Vent-PIpe 
Weights  per  Linear  Foot 
Diameters       ''Extra  Heavy"  "Standard" 

2-in 5%  pounds Z%  pounds 

3-in si^  pounds 4%  pounds 

4-in 13  pounds 6^  pounds 

5-in 17  pounds B%  pounds 

6-in 20  pounds loi^  pounds 

7-in 27  poimds. .......     14  pounds 

8-in 33^  pounds 17  pounds 

10-in 45  pounds 23  pounds 

12-in 64  pounds 33  pounds 

Soii-PIpe  Joints 
All  Joints  should  be  made  with  picked  oakum  and  molten 
lead,  and  must  be  gas-tight.    Twelve  ounces  of  fine,  soft  pig 
lead  for  each  inch  in  the  diameter  of  the  pipe,  is  the  proper 
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proportion  to  use  at  each  joint.  Table  4  gives  the  correct 
quantities  of  lead  and  oakum,  for  making  Joints  with  yarloos 
sizes  of  soil  and  vent  pipes. 

TABLE  4 
Lead  and  Oakum  Required  for  8oll-PIpe  Joints 


8xn  OF  PiPi 

Lead  m  Joint 

Oakum  fkb  Jonrr 

2  Incb 

8    "    

4    "    

B    '•     

6    •'     

1^   poa.* 

8    OOBOCi 

8  ** 

9  ** 

The  proper  method  of  making  a  soil-pipe  Joint  is  to  care- 
fully pack  the  same  with  oakum,  and  leave  a  space  of  1^ 
inches  for  the  lead.  The  oakum  must  be  calked  tightly  be- 
fore pouring  in  the  lead.  If  the  pipe  has  not  been  cut  exactly 
square  across,  care  must  be  taken  that  none  of  the  oakum 
is  driven  into  the  pipe  to  present  an  obstacle  to  the  flow 


Lead 


Oakum 


Fig.  2.     Soli-Pipe  Joint 

of  waste  matter,  and  in  time  cause  a  stoppage.  The  Joint 
must  then  be  poured  with  the  hot  lead,  in  one  pouring;  and 
after  the  lead  has  cooled,  it  should  be  calked  tight  with  the 
proper  calking  chisels  and  a  light  hammer,  bearing  in  mind 
that  every  blow  of  the  hammer  creates  a  pressure  on  the  hub 
which  may  crack  the  hub  unless  the  operation  is  carefully 
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done.  The  Joint  should  always  be  run  full  at  one  pouring; 
if  this  is  not  done,  the  lead  should  be  picked  out  and  the 
Joint  poured  again. 

Pouring  lead  in  an  upright  Joint  is  a  very  simple  mat- 
ter; but  a  horizontal  Joint  requires  different  handling,  and 
recourse  is  had  to  a  joint-runner  made  of  asbestos,  which 
clamps  around  the  pipe  in  such  a  manner  that  it  leaves  an 
opening  on  top  for  the  pouring  of  the  lead.  Clay  or  putty 
may  be  used  for  this  purpose,  but  are  makeshifts  and  very 
nnsatisfactory. 

Fig.  2  shows  a  sectional  ylew  of  a  properly  constructed 
soil-pipe  Joint. 

If  there  is  dampness  in  the  joints,  placing  some  pulver- 

^ized    rosin    in    the  hub  before  pouring  will  be  beneficial. 

The  lead   should  always  be   hot;    and  none  but   lead   free 

from  solder  or  other  metals  should  be  used,  in  order  to  avoid 

cracking  the  hubs  when  calking. 

Piping  System 

Following  is  a  list  of  the  different  pipes  with  which  the 
plumber  must  deal  in  the  installation  of  a  Job  of  plumbing. 
The  proper  function  of  each  pipe  is  also  given. 

Oral n-pi pet,  which  are  horizontal  and  receive  the  dis- 
charge from  the  vertical  or  upright  pipes. 

Soil-pipes,  which  receive  the  discharge  from  the  closets. 

Waste-pipes,  which  receive  the  discharge  from  fixtures 
other  than  closets. 

Vent-pipes,  which  relieve  the  air  pressure  on  the  system, 
prevent  siphonage,  and  create  a  circulation  of  air  through- 
out the  system. 

Water-pipes,  which  supply  water  to  the  various  fixtures. 

Table  5  gives  minimum  diameters  of  soil  and  waste  pipes. 

TABLE  5 
Minimum  Allowable  Diameter  of  Soil-Pipe  and  Waste-Pipe 

Diameter 

Main  soil-pipe 4  in. 

Main  soil-pipe  for  water-closets  on  5  or  more  fioors 5  in. 

Branch  soil-pipe 4  in. 

Main  waste-pipe 2  in. 

Main  waste-pipe  for  kitchen  sinks,  5  or  more  fioors 3  in. 

Branch  waste-pipe  for  laundry  tubs 1%  in. 

When  set  in  ranges  of  3  or  more  tubs 2  in. 

Branch  waste-pipe  for  kitchen  sinks 2  in. 

Branch  waste-pipe  for  urinals 2  in. 

Branch  waste-pipe  for  other  fixtures 1^  in. 
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Fig.  3.    Basement  Roughing-ln  Plan. 

Let  Figs.  3,  i,  and  5  represent  respectively,  the  basement, 
first-floor,  and  second-floor  plans  of  a  building  in  which  the 
plumbing  is  to  be  installed.  Assume  the  following  to  be  a 
list  of  the  fixtures  required. 


Basement 


First  Floor 


I 


Two-part  Wash-Tray. 
Floor  Drain. 

Sink. 

Forty-Gallon  Range  Boiler. 

Layatory. 


^ 


.=^=^ 


Fig.  4.     FIrst-Floor  Plan  of  Residence. 
506 
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Fig.  6.     Second-Floor  Plan  of  Residence. 
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Sdcond  Floor 


1  Lavatory. 
1  Bathtub.' 
1  Water-Closet 


First  will  come  the  roughing-fn  measurements  of  the  varl- 
ous  fixtures,  in  order  to  so  locate  the  pipes  that  they  will 
be  in  exactly  the  right  places  when  the  floors  are  down  and 
the  plastering  done.  These  measurements  should  always  be 
entered  in  a  small  memorandum  book  for  future  reference. 


Fig.  6.    Wash-Trays  or  Laundry  Tubs. 

The  wash-trays — or  laundry  tubs*  as  they  are  sometimes 
called — are  of  the  style  shown  in  Fig.  6,  with  rough  brass 
continuous  waste  and  trap  as  in  Fig.  7;  and  are  to  be  sup- 
plied with  hot  and  cold  water  through  Fuller  bibbs,  as  shown 
In  Fig.  6. 

The  floor  drain  is  like  that  shown  in  Fig.  8. 

The  kitchen  sink  is  of  the  type  illustrated  in  Fig.  9,  with 
nickel-plated  trap,  with  waste  to  floor  and  vent  to  wall,  and 
nickel-plated  Fuller  bibbs. 

The  range  boiler  is  shown  in  Fig.  10.  It  is  to  be  erected 
on  a  stand  (Fig.  11),  and  connected  to  the  kitchen  range,  and 
also  to  a  gas  heater  as  shown  in  Fig.  12. 


Fig.  8.     Floor  Drain, 


Fig.  7.    Continuous  Waste  and 
Trap  from   Wash-Traya. 

^-Ui-J-.— ^,     ■     ;     ;      ; 


Pig.  9.    Kitchen  Sinlc 
50S 


Fig.  10.    Range  Boiler. 


18JB=S', 


Fig.  12.    Range  Boiler 

Connected  to  Gas 

Heater. 


Fig.  11.     Stand  for 
Range  Boiler. 
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The  first-floor  lavatory  (Fig.  13)  is  fitted  with  nickel-plated 
Fuller  basin  corks,  and  nickel-plated  trap  to  wall. 


Fig.  13.     Lavatory  on  First 


The  lavatory  in  the  bathroom  (Fig.  14)  is  also  fitted  with 
nickel-plated  Fuller  corks,  and  nickel-plated  trap  to  walL 
The  bathtub  is  a  5-ft.  tub  of  the  type  shown  in  Fig.  15. 
The  closet  is  of  the  low-tank  type  Illustrated  in  Fig.  ltt» 
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FIfl.  14.     Bathroom  Lavatory. 
Vortical  Pipe  Work 
^  „  U.  «!  elevation  ot  tl^e  •^"•^.^UrS;^^  S^ 

VuTi^'c^'^^SJ:'  J^St  ;ii  '^"^  *«-  ^^'*'  '^' 
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square  head,  for  the  purpose  of  clearing  the  pipe  at  any  time 
a  stoppage  may  occur.  Continuing  to  the  basement  ceiling, 
place  a  2-in.  T  for  the  sink  waste.  It  may  be  necessary  to 
use  an  offset  here — ^that  is,  change  direction,  and  carry  the 
piping  along  to  where  it  will  be  in  position  to  pass  up  directly 
through  the  first-floor  partition.  Then,  continuing  upwards  to 
a  point  about  five  feet  above  the  first  floor,  place  a  2-in. 
tapped  tee  (see  Fig.  18)  for  the  vents  from  the  kitchen  sink 
and  the  wash-trays;  and  then  continue  on  up  to  and  through 
the  roof,  enlarging  the  pipe  to  4  inches  Just  below  the  roof, 
and  placing  a  roof-flashing  at  the  roof. 


Fig.  15.     Bathtub. 

There  are  a  number  of  different  styles  of  roof-flashings, 
any  one  of  which  may  be  used,  provided  it  will  prevent  the 
water  from  leaking  through  and  provided  it  has  good  wear- 
ing qualities.  By  enlarging  the  pipe  to  4  inches  where  it  goes 
through  the  roof,  the  danger  of  the  pipe  becoming  closed 
with  hoar  frost  is  avoided.  This  same  precaution  applies  to 
any  soil  or  vent  stack  carried  through  the  root 

The  next  step  will  be  to  get  in  the  waste  and  vent-pipes. 
For  the  sink  waste  there  will  be  required  a  2x1  ^-in.  brass 
ferrule,  and  about  two  feet  of  1%-in.  lead  pipe.  After  wiping 
the  lead  to  the  ferrule,  calk  same  into  the  Y  left  for  that 
purpose,  after  bending  the  lead  pipe  to  the  proper  place  to 
receive  the  sink  trap. 

Into  the  tapped  tee  which  was  left  for  the  vents,  screw 
a  2xlVixl^-in.  tee  with  nipple  of  right  length,  and  drop  out 
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of  the  side  opening  to  the  basement  for  the  wash-trays,  and 
out  of  the  end  opening  to  the  sink.  Here  are  needed  for 
the  sink,  and  also  for  the  trays,  a  l^-inch  female  soldering 


Fig.  16.     Low-Tank  Type  of  Water-Closet. 

nipple,  and  abont  15  inches  of  1^-in.  lead  pipe.  After  wiping 
the  necessary  joints,  screw  the  pieces  onto  the  pipe,  after 
bending  the  same  to  the  proper  angle.  Then,  close  the  ends 
so  that  the  job  can  be  tested,  which  will  complete  this  stack 
until  time  for  setting  the  fixtures. 


1 


H 


£  ■ 
u-i 

8S 


^1 
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It  will  1)6  Been  that  when  setting  these  fixtures,  it  will  be 
necessary  to  wipe  a  joint  between  the  vent-pipe  now  in,  and 
the  vent-pipe  from  the  traps;  and  this  connection  will  leave 
plenty  of  "spring"  in  the  piping  for  expansion  and  contrac- 
tion. In  some  localities  the  connection  between  the 
vents  in  the  wall  and  the  trap  vents  Is  made  by  means  of 
slip  Joints,  with  a  rubber  gasket  to  make  the  Joint  tight  and 
allow  for  expansion  and  contraction.  Various  authorities  differ 
regarding  this  subject  It  would  appear,  however,  that  a  well- 
made  slip  Joint  would  be  an  advantage  in  this  respect. 

The  next  work  will  be  on  the  wash-tray  waste,  which  will 
require  to  be  of  the  same  style  as  the  waste  for  the  sink, 
and  the  end  brought  through  the  basement  floor  for  future 
connection.    In  some  cases,  a  slip-Joint  nut  (Fig.  20)  is  used. 


Fig.  20.  Slip-Joint  Nut. 


Fig.  21.     Vent  Tec. 


Fig.  21  shows  a  type  of  vent  tee  that  is  extensively  em- 
ployed. This  can  be  obtained  with  both  ends  intended  for 
connection  to  iron  pipe,  instead  of  the  form  shown,  which  is 
for  lead  waste-pipes  and  iron  vent-pipes.  The  part  that  re- 
ceives the  pipe  from  the  trap  has  a  long,  threaded  shank, 
which  can  be  cut  off  to  suit  the  Job  it  is  being  used  on;  and 
this  is  a  very  good  feature.     See  Fig.  21. 

The  next  work  in  order  will  be  to  rough-in  the  stack  for 
the  first-floor  lavatory.  This  will  be  commenced  by  calking  in 
a  T  with  clean-out,  as  was  done  on  the  sink  stack:  then  con- 
tinue to  basement  ceiling,  where  it  may  be  necessary  to  use 
an  offset,  as  before,  to  get  back  into  the  partition. 

At  the  proper  height,  place  a  tapped  tee,  2x2x1%  in.,  with 
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a  nipple  In  the  1^-ln.  opening  which  will  extend  %-in.  through 
the  plaster.  This  will  allow  the  use  of  a  slip-Joint  nut  (Fig: 
20)   when  connecting  up  the  lavatory. 

In  the  top  of  this  tee»  calk  a  2xlH-in*  reducing  coupling* 
and  extend  up  to  a  point  Just  below  the  roof  with  IH-in. 
iron  pipe.  At  this  point,  screw  on  a  2xl%-in.  coupling  to 
calk  into  a  2x4-in.  Increaser,  and  use  a  short  piece  of  4-in. 
soil-pipe  to  extend  through  the  roof,  with  necessary  roof- 
flashing. 


Fig.   22.     Ferrule   for   Connecting 
Bath  Waste  to  Closet  Tee. 


Fig.  23. 
Closet  Tee. 


This  manner  of  roughing-in  is  termed  continuous  venting. 
It  is  preferable  to  venting  on  the  sink  and  wash-trays,  since, 
with  this  style,  there  is  not  the  chance  for  the  vent-pipe  to 
choke  up,  which  is  apt  to  occur  with  the  sink  style  of  venting. 

The  vent  work  on  this  Job  will  be  done  with  black  iron 
pipe,  and  cast-iron  fittings.  Galvanized  pipe  and  fittings  are 
sometimes  used;  sometimes  black  pipe  and  galvanized  fit* 
tings;  and  sometimes,  again,  galvanized  pipe  and  black  cast* 
iron  fittings.  In  some  cases,  black  pipe  coated  inside  with 
asphaltum  and  having  recessed  drainage  fittings  Is  used.  In 
any  case,  provision  should  be  made  for  cleaning  the  vent-pipes 
at  times  when  needed.  When  a  vent  is  taken  from  the  top, 
or  crown  of  a  trap,  grease  will  accumulate  in  the  vent-pipe, 
and  in  time  will  choke  it  up  entirely;  and  this  is  where 
"continuous"  venting  has  the  advantage. 

The  question  as  to  what  kind  of  material  shall  enter  Into 
the  roughing-in  of  the  Job,  will  be  largely  governed  by  local 
rulings  where  there  Is  an  Inspector,  and  the  work  will  re- 
quire inspection  and  testing  before  being  covered  up.  Wheth* 
er  an  inspection  is  necessary  or  not,  however,  all  work  should 
be  tested  before  being  covered  up. 

Next  proceed  to  rough-in  the  stack  for  the  bathroont  First 
calk-in  a  clean-out  plug  into  a  T,  the  same  as  for  the  other 
two  stacks,  and  then  continue  up  to  the  bathroom.  Here  will 
be  required  a  sanitary  tee  with  a  2-in.  opening  in  the  side 
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to  receive  the  bath  waste.  There  should  be  a  4x2-ln.  Y  In 
the  side  opening  of  the  tee,  for  the  lavatory  waste.  Con- 
tinuing over  to  the  partition,  and  extending  upwards,  insert 
two  tapped  tees  for  the  bath  and  lavatory  vents,  and  then 
continue  up  to  a  point  Just  below  the  roof,  where  the  pipe 
should  be  enlarged  to  5  in.  and  extended  through  the  roof, 
with  the  necessary  roof-flashing. 


Pig.  24. 
Straight  Brass 

ferrule.        Pig.     25.      Drum 
Trap    Used   on 
Bath    Waste. 


Pig.  26.     Solder   Nipple 
Used  on  Vent  Work. 


ng.  27.    Tapered 
Brass  Perrule. 


Pig.  28.  Style  of 
Trap  Often  Used 
on  Bathtubs. 


Pig.  29.  Tee  for 
Continuous  Vent- 
ing with  Lead 
Waste  and  Vent 
Pipes. 

All  the  soil-pipe  in  the  stacks  may  be  "Extra  Heavy"  and 
the  vents  "Standard"  pipe;  or  all  may  be  "Standard."  The 
specifications  usually  cover  this  point. 

In  the  top  of  the  4-in.  sanitary  tee,  a  combination  lead 
ferrule,  should  be  calked,  as  shown  in  Fig.  22,  and  this  will 
receive  the  discharge  from  the  water-closet  -  Fig.  18  shows 
the  stack  elevation  for  the  first-floor  lavatory. 
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Fig.  19  shows  the  stack  elevation  for  the  bathrooiXL  Ordi- 
narily the  closet  opening  would  be  in  the  side  of  the  4-in. 
sanitary  tee;  but  in  this  case  the  opening  will  be  in  the  top, 
owing  to  the  fact  that  the  first-floor  partition  is  not  directly 
under  the  bathroom  partition,  and  requires  an  offsetting  of  the 
pipe-work  between  the  ceiling  and  the  floor.  In  the  side  open- 
ing of  the  closet  tee,  connect  the  bath  waste,  which  will 
require  a  2-in.  ferrule  like  that  shown  in  Fig.  22,  or  in  Fig. 
24,  some  l^^-in.  lead  waste-pipe,  a  4x8-in.  drum  trap  (Fig.  25) 
for  the  waste-pipe,  a  short  piece  of  1%-in.  lead  pipe»  and  a 
1^-in.  brass  solder  nipple  (Fig.  26).  The  waste  from  the  tub 
will  branch  into  the  drum  trap  at  a  point  near  the  bottom; 
and  the  outlet  to  the  soil-pipe  will  be  taken  out  at  a  point 
near  the  top,  but  Just  below  the  vent  branch. 

The  wiping  on  the  bath  waste  can  be  done  before  setting 
the  same  in  place,  with  the  exception  of  the  joint  where  the 
solder  nipple  (Fig.  26)  screws  onto  the  vent-pipe  already 
roughed-in,  and  this  can  be  wiped  after  the  work  is  set  In 
place.  The  screw-top  on  the  bath  trap  makes  it  easily  ac- 
cessible for  cleaning  purposes. 

In  the  side  opening  of  the  4z2-in.  Y  which  is  to  run  into 
the  closet  tee,  place  a  2xl%-10-in.  lead  ferrule  (Fig.  22),  which 
will  require  a  wiped  joint  to  connect  it  to  the  lead  vent 
and  waste-pipe  which  is  already  roughed-in. 

Fig.  23  shows  the  closet  tee  used  on  this  installation; 
and,  minus  the  side  opening>  this  is  the  fltUng  ordinarily  used. 

Fig.  24  shows  a  straight  brass  ferrule;  and  Fig.  27  shows 
a  tapered  brass  ferrule,  reducing  down  to  the  size  of  the 
waste-pipe  used. 

Fig.  26  shows  the  solder  nipple  used  on  the  vent  work; 
this  is  made  with  either  male  or  female  threading. 

Fig.  25  shows  the  drum  trap  used  on  the  bath  waste.  The 
top,  being  a  trifle  larger  than  the  body  of  the  trap,  will  cover 
np  the  hole  in  the  floor,  and  make  a  neat  flnish. 

Fig.  28  shows  another  style  of  trap  that  is  used  extensively 
on  bathtubs. 

Fig.  29  shows  another  form  of  tee  that  can  be  used  for 
the  continuous  style  of  venting  where  lead  is  used  for  both 
waste  and  vent  pipes. 

Fig.  30  shows  a  new  method  of  joining  the  closet  to  tlie 
soil  system,  to  be  used  instead  of  the  putty  joint  that  haa 
commonly  been  employed.  This  makes  a  very  sanitary  job, 
and  insures  a  tight  joint  at  this  connection,  which  is  by  no 
means  certain  when  putty  is  used.  The  brass  flange  is  slipped 
over  the  4-in.  lead  pij)e  extending  through  the  floor  for  the 
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(doset  connection;  and  then  the  pipe  is  sawed  off  at  the  proper 
distance  to  allow  it  to  be  flanged  over  into  the  brass  floor- 
flange  and  then  soldered.  The  graphite  gasket  is  next  placed 
in  position,  and  the  closet  is  ready  to  be  screwed  in  place. 


Fig.  81.  Device  for  Steady- 
ing  Bathtub  on  Uneven 
Floor. 


Fig.  30.  Graphite  Gaslcet 
Closet  Connection  to  Soil 
System. 


Fig.  32.    Clean-Out  Plug.  Fig.  33.    Type  of  Ferrule  for 

Waste  Pipes;  Small  Joint 
Is  poured. 
In  some  instances  when  the  bathtub  is  set  in  place,  it  is 
found  that  it  will  not  set  firmly,  but  has  a  rocking  moUon 
due  to  the  unevenness  of  the  floor.  The  device  shown  in 
Pig.  31  will  be  found  very  useful  to  remedy  this  trouble,  and 
is  inexpensive. 

Fig.  32  shows  the  clean-out  plug  which  is  placed  at  the 
foot  of  the  different  stacks  for  cleaning  purposes.    This  has 
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Pig.    34.      Special    Tools   for 
Calking  Joints  In  Corners. 


Pig.  35.  Waste  and  Vent  Pit- 
ting for  Two  Pixtures  8et 
Back  to  Back. 


Pig.  37.     Roof  Plashing. 


Pig.  39.     increasor. 
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an  Iron  body»  and  a  brass  screw;  the  latter  Is  easily  re- 
moved should  occasion  require  It 

Pig.  33  shows  another  type  of  ferrule  for  waste-pipes.  It 
is  used  by  inserting  the  ferrule  into  the  lead  pipe,  and  pouring 
the  small  Joint  as  shown. 

There  will  be  times  when  soil-pipe  joints  will  be  en- 
countered in  comers  where  it  will  be  a  hard  matter  to  get  at 
them  to  calk  them  properly  with  the  ordinary  tools.  In  this 
case,  the  tools  shown  in  Fig.  34  will  be  found  very  useful. 

Fig.  35  shows  a  waste  and  vent  fitting  that  can  be  used 
where  two  fixtures  are  set  back  to  back. 

'  3 


Pig.  40.  Increaser. 


Fig.  41.  Increaser 
Tapped  for  Screw 
Pipe. 


Pig. 


42.     Tapped 
Tee. 


Figs.  36,  37,  and  38  show  yarious  styles  of  roof-flashings. 

Figs.  39  and  40  shows  various  styles  of  increasers,  which 
are  used  at  a  point  Just  below  the  roof.  They  can  be  ob- 
tained either  to  calk-in  as  shown,  or  with  the  bottom  end 
tapped  for  iron  pipe  to  screw  in.  An  increaser  tapped  for 
Bcrew-pipe  is  shown  in  Fig.  41. 

Fig.  42  shows  one  style  of  tapped  tee. 

Fig.  43  shows  a  brass  bath  trap  that  is  used  where  the 
waste  work  is  all  wrought  iron— or,  as  it  is  sometimes  called, 
the  "Durham"  system. 

8oll-PIpe  Sizes  Allowecf  by  Various  Cities 

Municipal  regulations  ordinarily  govern  the  sizes  of  soil- 
pipe  that  are  allowed  to  be  installed  in  towns  and  cities  of 
any  considerable  size.  The  regulations  in  some  of  the  leading 
American  cities  are  indicated  in  the  following: 

Baltimore,   Md.;   Buffalo,  N.  Y.;   Chicago,   III.;   Cincinnati, 
Ohio;  Denver,  Col.;   Detroit,  Mich.;  Minneapolis,  Minn.;   New 
Haven,  Conn.;  Omaha,  Nebl;  St.  Joseph,  Mo.;  San  Pranclsco, 
Cal. 
Minimum  diameter,  4  in. 
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Allegheny,   Pa.;    Pittsburgh,    Pa.;    Scranton,   Pa* 

For  1  to  4  water-closets,  not  less  than  4  In. 
For  4  to  8  water-closets,  not  less  than  6  in. 

Jersey  City,  N.  J. 
For  1  and  less  than  10  water-closets,  with  other  flztares,  4  m. 
For  10  and  less  than  20  water-closets,  with  other  flxturei^ 

5in. 
For  20  or  more  water-closets,  with  other  fixtures,  6  in. 

Milwaukee,  Wis. 
For  4  water-closets,  4  in. 
For  10  water-closets,  5  in. 
For  25  water-closets,  6  in. 
For  over  25  water-closets,  8  In.  • 

Newark,  N.  J.;  Paterson,  N.  J. 
For  main  soil-pipe,  4  in. 

For  main  soil-pipe  for  water-closets  on  5  or  more  floor8»  5  tiL 
For  main  soil-pipe  for  tenements  or  factories,  6  in. 

New  Orleans,  La. 

For  1  to  5  water-closets,  4  in. 
For  more  than  6  water-closets,  5  in. 

In  buildings  over  5  stories,  and  having  more  than  8  wafte^ 
closets,  6  in. 

Philadelphia,   Pa. 
For  1  to  6  water^losets,  4  in. 
For  7  to  12  water-closets,  5  in. 
For  13  to  20  water-closets,  6  in. 
If  building  is  5  up  to  12  stories  high,  6  In. 
If  building  is  more  than  12  stories  high,  6  in. 

Cleveland,   Ohio;    Columbus,  Ohio 

The  maximum  number  of  fixtures  connected  to  pipe  of 
variQus  sizes  is  indicated  as  follows: 

Size  Pipe  Soil  and  Waste       Soil-Pipe  Alone 

Branch      Main  Branch  Main 

4in 48             96  12  24 

5" 96            192  24  48 

6  '^  168            336  42  84 

7" 280            660  70  140 

8  " 420            840  105  210 

9" 580         1,160  146  290 

10"   800         1,600  200  400 

11" 1,060         2,120  265  630 

12" 1,420         2,840  355  710 
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Washington,  D.  C 

For  1  to  12  wate]>closets»  4  in. 

For  13  to  35  water<;losets,  5  in. 

For  26  to  40  water-closets,  6  in. 

Toledo,  Ohio 

For  main  soil-pipe  from  6  water-closets  or  bathrooms,  4  in. 

For  main  soil-pipe  from  6  to  10  bathrooms  or  water-closets. 
Sin. 

Rochester,  N.  Y. 

For  1  to  30  fixtures,  4  in. 

For  30  to  50  fixtures,  5  in. 

Fbr  51  or  more  fixtures,  6  in. 

One  watercloset  is  counted  as  2  fixtures;  one  tub,  or  sink, 
etc.,  is  counted  as  1. 

8t.  Paul,  Minn. 

For  main  soil-pipe,  not  less  than  4  in. 

For  main  soil-pipe  for  water-closets  on  5  or  more  floors,  5  in. 

For  main  soil-pipe  from  more  than  10  bathrooms,  6  in. 

3-foot  urinal  trough  or  wash-sink,  or  1  bath,  basin,  sink,  or 
small  fixture,  is  counted  as  1  fixture;  and  1  water-closet, 
pedestal  urinal,  or  slop  hopper,  is  counted  as  2  fixtures. 
The  above  shows  the  sizes  used  in  daily  installations  in 

various  cities  where  local  rulings  govern,  and  all  work  is 

tested  and  inspected  before  being  covered  up  by  the  other 

trades. 


^fot/t^t/yiScm^ 


Fig.  43.    Brass  Bath  Trap  for  Wrought-lron  Waste  Work. 

WATER  SERVICE  PIPES 

The  main  in  the  street  is  usually  tapped  by  the  local 
Water  Company;  and  either  the  connecting  pipe  is  run  to 
the  curb  line  by  the  Company,  or  else  the  plumber  takes  it 
at  the  point  of  connection.  The  kind  of  piping  is  governed 
by  local  rulings.    In  some  sections  of  the  country  it  is  cus- 
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tomary  to  run  lead  pipe  to  the  curb,  and  then  either  lead 
or  iron  on  into  the  building.  Other  places  require  only  a 
short  section  of  lead  pipe  at  the  main,  usually. about  18  In. 
in  length;  and  from  this  point  on  into  the  building  the  pipe 
may  be  iron. 

In  any  case,  iron  pipe  should  never  be  connected  directly 
to  the  corporation  cock  (as  the  cock  that  is  screwed  into  the 
water  main  is  termed),  on  account  of  the  rigid  connection 
being  liable  to  breakage  from  settling,  either  of  the  main, 
or  of  the  earth  over  the  service.  For  a  similar  reason  the 
service  pipe  into  the  building  should  never  be  laid  in  the 
same  ditch  with  the  sewer  line,  unless  a  shelf  of  earth  is 
left  alongside  the  sewer  ditch,  on  which  the  water  service 
can  be  laid,  and  which  will  insure  a  good  foundation  for 
It  Many  a  plumber  has  had  to  dig  up  the  service  pipe 
after  it  has  been  in  but  a  short  time,  to  repair  a  leak  in 
it  caused  through  settling  of  the  dirt. 

The  service  pipe  should  be  laid  below  the  frost  line,  and 
carried  as  directly  as  possible  to  the  building.  Where  the 
service  pipe  enters  the  building,  it  should  be  provided  with 
a  good,  serviceable  stop  and  waste  cock,  placed  at  a  point 
easily  reached  by  the  occupants  of  the  building  in  case  the 
water  should  require  shutting  off  at  any  time  on  account  of 
leaks,  bursting  of  pipes,  etc 

The  water  service  pipes  should  be  put  in  place  before 
the  plastering  is  done  or  the  bathroom  floor  is  laid. 

Starting  the  cold-water  line  at  the  front  wall  where  the 
service  enters,  and  rising  to  the  ceiling,  run  this  pipe  di- 
rectly to  the  bathroom  riser,  where  a  stop  and  waste  cock 
should  be  placed  so  that, the  bathroom  can  be  shut  off  in- 
dependently of  the '  other  portions  of  the  system. 

In  making  this  run,  tees  should  be  put  in  at  proper  inter- 
vals to  provide  connections  for  the  other  fixtures. 

The  bathroom  line  is  carried  up  to  underneath  the  floor 
of  the  bathroom,  where  it  branches  to  the  tub,  closet,  and 
lavatory.  The  nipples  of  these  branches  are  left  extending 
through  the  floor  at  the  proper  places,  being  capped  for  test- 
ing purposes  and  to  prevent  dirt  getting  into  the  pipe. 

Next  extend  the  flrst-floor  lavatory  supply  to  the  proper 
point,  placing  a  stop  and  waste  cock  on  this  line  also. 

It  is  next  in  order  to  extend  the  branch  that  supplies 
the  laundry  tubs,  sink,  and  hot-water  boiler,  placing  stops 
on  the  wash-tray  and  sink  lines,  but  placing  the  stop  for 
the  range  boiler  at  the  top  of  the  boiler.  This  will  cut  off 
the  entire  hot-water  supply  for  the  house;  and  separate  stops 
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can  be  placed  on  the  various  hot-water  lines  to  the  fixtures, 
if  desired.  The  hot  water  for  the  bathroom  can  be  either 
extended  to  the  ceiling  and  carried  across  to  the  bath* 
room,  or  it  can  be  taken  to  the  cellar  and  carried  up  along* 
side  the  cold-water  line.  The  hot  lines,  after  leaving  the 
boiler,  can  be  run  about  the  same  as  the  cold-water  sup- 
plies; but  on  both  lines  there  must  be  a  definite  place  to 
which  the  pipes  will  drain,  in  case  it  is  desired  to  empty 
the  entire  system  of  water. 

In  connecting  up  the  range  boiler  (see  Fig.  12)  with  the 
cold  supply,  a  piece  of  pipe  usually  extending  to  within  six 
inches  of  the  bottom  of  the  boiler— known  as  a  boiler  tube — 
should  be  screwed  into  the  boiler  coupling  to  which  the 
cold-water  supply  is  connected,  for  the  purpose  of  carrying 
the  cold  water  down  nearly  to  the  bottom  of  the  boiler. 
The  object  of  this  is  to  avoid  chilling  the  hot  water,  which 
leaves  the  boiler  by  a  pipe  at  the  top  alongside  the  cold 
water  inlet  pipe.  This  cold-water  pipe  should  always  have 
a  small  hole  drilled  in  it  at  a  point  about  one  inch  below 
the  top  of  the  boiler,  to  prevent  the  possibility  of  the 
water  being  siphoned  out  of  the  boiler,  which  might  occur 
in  case  the  supply  were  shut  off  for  any  reason.  This  vent*  , 
hole  in  the  cold  inlet  pipe  should  be  about  H-in.  in  size, 
and  should  always  be  turned  away  from  the  hot  supply,  or 
it  will  throw  a  spray  of  cold  water  directly  across  the  hot 
water  leaving  the  boiler;  and  it  may  be  difficult  to  determine 
why  a  job  that  is  to  all  outward  appearance  piped  correctly 
will  nevertheless  not  give  a  good  supply  of  hot  water. 

In  some  cases,  it  is  required  that  the  job  shall  be  sup- 
plied with  soft  water.  This  calls  for  the  use  of  a  water  lift; 
and  the  soft  water  can  be  either  pumped  to  an  attic  tank, 
or  pumped  directly  into  the  system.  There  are  a  number  of 
water  lifts  or  motors  on  the  market,  operated  either  by  elec- 
tricity or  by  water-power.  In  the  electrically  operated  lift, 
the  necessary  wiring  will  be  installed,  and  the  soft  water 
end  will  be  connected  by  a  suction  pipe  to  the  cistern, 
and  a  discharge  pipe  to  the  attic  tank  or  directly  to  the 
system  of  piping  through  the  building.  In  the  case  of  a 
lift  operated  by  water-power,  the  cold  city  water  should 
be  connected  at  the  opening  marked  for  it  on  the  lift;  and 
the  waste  water  can  be  discharged  to  the  sewer  or  run  to 
the  kitchen  sink  (if  an  attic  tank  is  used),  in  which  case 
the  lift  will  pump  water  whenever  cold  water  is  drawn  at 
the  sink.  The  discharge  and  suction  on  the  soft  water  end 
should  be  connected  up  as  before  described. 
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Where  the  soft  water  is  discharged  directly  into  the  pip- 
ing, it  is  necessary  to  place  a  compre88ion  tank  in  the  dis- 
charge line.  This  is  usually  a  SO-gallon  range  hoiler»  which 
acts  as  a  cushion  for  the  pump  or  lift  to  work  against,  and 
insures  a  steady  flow  at  the  faucets  when  water  is  drawn.  If 
such  a  tank  were  not  installed,  the  water  would  come  in  a 
sputtering  stream  as  the  lift  delivered  it  into  the  pipe  syi- 
tenL 

*•  Th  other  /fefrlgeraior 
i/re^uirea 


y^^m^^M^^vjj:^^£^jf/y/rxjyx^j 
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Fig.  45.     Refrigerator  Waste 
Connection  to  Soll-Pipe. 


Fig.  44.     Refrigerator  Waste 
Connection  to  Sink. 

In  some  cases  where  an  attic  tank  is  used  for  the  storage 
of  soft  water,  a  bail-cock,  similar  to  the  one  used  for  regu- 
lating the  supply  to  the  water-closet  flush-tank,  is  placed  on 
the  soft-water  supply  to  the  tank,  being  set  to  limit  the 
supply  to  a  certain  height  of  water  in  the  tank.  When  any 
water  is  drawn  from  the  tank,  the  lift  will  replace  it,  and 
the  supply  will  then  be  shut  off  by  the  action  of  the  ball- 
cock. 

Refrigerator  wastes  should  never  be  connected  directly 
to  any  sewer  or  drain-pipe,  but  should  discharge  into  m 
sink  indirectly,  as  per  Fig.  44;  or  into  soil-pipe,  as  per  fl^ 
45.  The  use  to  which  the  refrigerator  is  put  demands  that 
unusual  care  be  taken  in  disposing  of  the  waste  water.  Tlie 
piping  should  be  provided  with  clean-outs  wherever  there  Is 
a  possibility  of  a  stoppage  occurring  from  the  sawdust,  etc^ 
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used  In  packing  the  ice;  and  the  pipe  should  be  run  in 
such  a  manner  that  it  can  be  readily  taken  down  and  cleaned 
If  a  stoppage  occurs  which  cannot  be  cleared  from  the 
clean-outs. 

It  is  not  usually  necessary  to  vent  refrigerator  traps,  since 
the  water  does  not  enter  the  piping,  as  it  does  from  other 
fixtures,  in  a  large  volume,  but  only  as  the  ice  melts,  and 
there  is  little  possibility  of  any  siphonage  occurring. 

Waste-pipes  from  refrigerators  should  be  galvanized  iron, 
with  ends  well  reamed.  The  trap  used  at  the  soil-pipe  in 
Fig.  45  may  be  made  out  of  pipe  and  fittings.  The  end  of 
the  waste  pipe  from  the  refrigerator  extends  down  into  the 
pan  (Fig.  45);  and  the  waste  to  sewer  connected  toward 
the  top  of  the  pan  will  leave  a  place  for  the  dirty  matter 
from  the  ice  to  collect,  and  this  can  be  removed  frequently, 
being  thus  prevented  from  entering  the  waste-pipe.  By  mak- 
ing the  trap  seal  at  the  soil-pipe  about  6  to  8  in.  in  depth, 
there  will  be  little  danger  of  Uiis  trap  being  siphoned  from 
the  discharge  of  fixtures  on  the  line  above;  and  even  if  this 
did  occur,  the  dripping  from  the  ice  would  soon  seal  the  trap 
again. 

TESTING  THE    PLUMBING 

After  a  job  has  been  roughed-ln,  and  before  being  cov- 
ered up,  it  should  be  thoroughly  tested,  to  obviate  the  neces- 
sity for  any  tearlng-up  of  floors  or  removal  of  plaster  in  order 
to  locate  and  repair  leaks  that  may  show  up  after  the  fix- 
tures are  set 

There  are  several  different  methods  employed  in  testing 
plumbing  installations,  the  principal  ones  being  the  water  testy 
smoke  test*  and  peppermint  test,  details  of  which  need  not  be 
given  here. 

A  careful  inspection  of  the  material  as  it  is  being  put 
in  place,  will  save  much  trouble  at  times,  as  it  is  an  easy 
matter  to  detect  cracked  pipes  or  fittings  by  tapping  them 
with  a  hammer.  The  difference  in  sound  between  good  and 
defective  material  is  easily  detected  by  the  ear  after  a  little 
practice. 

Local  rulings  generally  prescribe  the  form  of  test  to  be 
applied  to  plumbing  installations.  Many  plumbers,  where 
there  are  no  local  rulings  requiring  or  regulating  tests,  test 
all  their  work  for  their  own  satisfaction,  and  are  then  in 
a  position  to  guarantee  absolutely  with  some  degree  of  sat- 
isfaction, all  the  work  they  install. 

The  added  cost  for  testing  does  not  amoimt  to  a  very 
large  item;  and  it  gives  the  plumber  the  advantage  of  an 
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added  prestige  when  it  becomes  known  to  his  coBtomert-^ 
both  the  customers  he  already  has,  and  prospective  ones — 
that  any  Job  he  does  must  be  right  to  his  own  satisfactlam 
before  he  is  ready  to  turn  it  oyer  to  his  customers;  and 
this  will  soon  increase  his  list  of  clients.  There  is  only  one 
way  to  do  work,  and  that  is  to  do  it  right. 

USEFUL  TABLES,  RULES,  ETa 

The  experience  of  practical  plumbers  has  resulted  in  the 
accumulation  of  a  great  mass  of  useful  information  which 
has  been  embodied  in  the  convenient  form  of  ready  tables, 
concise  practical  rules,  etc.  We  now  present  such  portions 
of  this  accumulated  fund  of  information  as  will  be  foimd 
of  greatest  practical  value  in  calculating  for  ordinary  plumb- 
ing work. 

TABLE  6 

Carrying  Capacity   of  Sewer   Pipes,   in   Gailons  per   Miniita» 

witii  Varying  Faii  in  Inciies  per  100  Feet 


Sin 

Fall  pkh  100  Fur.  in  IvcHn 

J*' 
Pin 

lur. 

2  IN. 

8Dr. 

OIK. 

ilH. 

12  IN. 

24  nr. 

»za. 

8  inch 

IS 

10 

28 

82 

40 

40 

^ 

71 

4   " 

27 

88 

47 

00 

81 

OS 

181 

6   " 
8   '^ 

75 

105 

129 

188 

224 

258 

864 

S 

158 

210 

206 

875 

400 

527 

750 

0  •• 

205 

240 

856 

508 

017 

712 

1.000 

LUi 

10   " 

287 

878 

408 

755 

80S 

021 

1.810 

l^^M 

12   •• 

422 

500 

1.088 

1.278 

1.468 

1.5^ 

18   " 

740 

1.021 

1.282 

1.818 

2.224 

2.464 

8.017 

4  4u 

18  " 

1.168 

1.051 

2,022 

2.860 

8.508 

4.045 

6.704 

l.Mf 

24   " 

2.800 

8.887 

4  155 

5.874 

7.202 

8.308 

11.744 

IIW 

27   •• 

4.407 

0.211 

7.074 

10.888 

15.344 

21.771 

vkm 

80   *• 

5.900 

8.852 

10.228 

14.298 

17.714 

20.204 

28.120 

l5.ilS 

80   •' 

0,707 

li.709 

10.810 

29.284 

83.722 

47.523 

&l.40i 

TABLE  7 

Discharge  of  Sewer  Pipes 

Grade  of  1  Foot  in  100  Feet 


DiAinrxB  OF  Pi» 

DlSCHABGfl 

Cubic  Feet  per  Second 

DISCKAMS 

Qalloos  per  8«ocaA 

4  iDcheg 

6     ••     

8     *•      

0.10 
0.40 
1.11 
1.58 
2.06 
8.4 
6.29 
10.87 
18.85 

1^ 

a.7 

8.8 

0      ♦•      

11.48 

10     " 

15.88 

12.     " 

15      ••      • 

25.0 
47.2 

18  "  ::.;.::.:::; 
20  ••   

xV& 
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Capacity  of  Sewer  Pipe.  The  carrying  capacity,  in  gallons 
per  minute,  of  sewer  pipe  laid  at  various  grades,  is  shown 
in  Table  6. 

Discharge  of  Sewer  Pipes.  Table  7  shows  the  discharge 
from  various-sized  sewer  pipes  laid  on  a  grade  of  1  foot  in 
100  feet 

TABLE  8 

Dimensions  and  Weights  of  Qalvanlzed-lron   Range   Boilers 


Gapacitt  or 


Sua 

WKOttT, 

Waatn, 

"Stamdabd" 

^BXTBA    HB4?1** 

12x60  Inches 

78   Itw; 

100  Ibt. 

126    •* 

120    •• 

16x60      '* 

152    «• 

16x72      ** 

IBO    " 

175    •• 

18x60      •• 

166    "          1 

180    • 

20x60      « 

200    f 

215     «• 

22x60      •• 

245    ••          ' 

270    -^ 

22x72      - 

280    •• 

815    «• 

80  gallons 

40       •• 

62        •« 

68 

66        •• 

82 
100        •* 
120 


Sizes  of  Qalvanized-iron  Range  Boilers.  The  dimensions 
and  weights  of  both  "Standard"  and  "Extra  Heavy"  galvan- 
ized-iron  range  boilers  are  given  in  Table  8. 

Miner's  Incli.  A  Miner's  inch  of  water  about  equals  a  flow 
of  12  United  States  gallons  per  minute. 

Slieet  Lead.  The  weight  and  thickness  of  sheet  lead  are 
indicated  in  Table  9. 

TABLE  9 
Weight  and  Tliickness  of  Sheet   Lead 


wbwr  fu  Sotaxb  foot 

Thickness 

1    " 

M 

A  ** 

— 1                                                          "I 

Brass  Piping.  Table  10  gives  the  weight  per  linear  foot 
of  brass  pipe  of  standard  iron  pipe  sizes. 

To  Find  Centers  between  Fittings.  To  find  the  length 
of  piping  required  to  connect  fittings  where  offsets  occur — 
that  is,  to  determine  the  distance  between  fittings,  center  to 
center — multiply  the  length  of  the  offset,  in  inches,  by  the 
Victors  indicated  as  follows : 
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46-        " 

1/8 

30- 

1/12 

22V    " 

1/16 

11%-    " 

1/32 

5%-    " 

1/64 

For  60-degree  or  1/6    bends,  multiply  by    1.1547 

"    1.4142 
•*  ••    2.00 

-  2.61 

-  6.12 
"  10.22 

For  example,  suppose  that  it  is  desired  to  know  the  loigtli 
between  centers,  of  two  45-degree  ells,  when  the  offset  Is 
2  ft 

Since  2  ft  =  24  in.,  the  solution  of  the  problem  will  be 
as  follows: 

24X1.4142=33.9  in.  nearly. 
In  practice  the  above  result  would  be  called  34  in.,  which* 
allowing  off  for  the  ells,  would  be  the  length  of  pipe  re> 
quired.    Reference  to  Fig.  46  will  make  this  clear. 


TABLE  10 

Weight  of  Brass  Pipe 

Iron  Pipe   Sizes 


Siu  OF  Pipe 

WkioflfPxs 
JjuaxAKFwrt 

SmOFPlFB 

WBOlTPiB 

LnciAsFoor 

. 

iff 

1.0    *• 

V*'/ 

ifT 

N^^. 

Pig.  46.     Piping  Calculation  at  OfTset. 

Capacity  of  Storage  Tanks.  As  a  basis  for  figuring  the 
Bise  of  storage  tank  required,  take  the  average  amount  of 
water  used  daily  by  one  person,  which  is  as  follows: 
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Washing  dishes 1    gallon  per  person  daily. 

House  cleaning .2 

Washing  clothes 3 

Toilet  purposes  and  bathing.  .9 

Drinking  { 

In  food  i 

Water  closet  * . . . .-: 9| 

Total  average  of  25  gallons  per  person  per  day. 

TABLE   11 
Dimensions  and  Capacities  of  Wrouglit  Steel  Tanl<8 


it 

it 


it 


DlUMKBtOnB 

CiPAcm 

ATniOl   WCIGHT 

6by24lBcb«i 

}S 

|;alloiui 

|00  pounds 

7"   24 

M 

170 

«• 

860 

*i 

S  •*  24 

«« 

200 

M 

420 

M 

6  *   80 

M 

185 

M 

450 

1* 

6-80 

1« 

— 

500 

M 

7-80 

«• 

267 

M 

550 

«• 

S  "   80 

«• 

800 

«4 

600 

t* 

10  ••   80 

^  "   86 

7  "    86 

M 

875 

M 

700 

«• 

M 

825 

M 

700 

« 

«• 

875 

M 

800 

M 

8  "   86 

<« 

426 

M 

000 

•4 

10  -   86 

M 

580 

M 

1,000 

t« 

8  "   42 

M 

600 

M 

1,250 

<• 

10  "    42 

(4 

725 

•• 

1.500 

<4 

12  ••    42 

•( 

850 

M 

1.760 

•4 

Table  11  gives  dimensions  and  other  data  pertaining  to 
storage  tanks,  and  in  this  connection  it  is  well  to  explain 
that: 

Tanks  up  to  6  by  22  in.  are  tapped  1  in. 

Tanks  up  to  10  by  30  in.  are  tapped  1^  in. 

Tanks  above  10  by  30  in.  are  tapped  2  in. 

TABLE  12 

Barometric  Pressure  at  Different  Altitudes,  with   Equivaient 

Head  of  Water,  and  Practicable  Suction  Lift  of  Pumps 

L 


Aiairuu 


BAROimBIO 

PansuBi 


^  Equiyalbnt 
Head  of  Watbr 


PRACnCABU 

SuoTioirLiPTOV 
Puxp 


2.640' 

t.96Q* 

S.280**. 

6.M0**. 


14.7  Ibi.  per  ta.  in. 

14.02  '*      "         •' 

1S.3I  •*      '•     ''    '" 

12.« 

12.02  "       ••     ' 

11,42 

10.8S  *•      - 

9.tt  •*      '•    • 


SS.9S  feet 
t2.»   ^ 

I0.70  ** 
20.04  ** 
27.70  •• 
20.80   ** 


20    - 
10   " 

1?   " 


r 
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TABLE   13 

Velocity  and  Volume  of  Discharge  per  Minute  of  Different 

Sized   Sewers 


UOFT.PBRMiir. 
S  Ft.  FIR  Sic 


i 


IftinM  ft. 
1ft. Inn  ft. 
lft.lAia8ft 
1ft.  in  207  ft 


4K  Ft.  FKs  Sac. 


I 


lftlna0.4ft 
lfUn40.8rt. 
IfUneUft 
IfUntt    ft 


144 

m 


aeoF^.PBRMiir. 
e  Ft.  pbb  810. 


I 


IftialTJft 
If  tin  a  ft 
lfUBt4.5it 
IfUnfiLTft 


510  Ft.  PR  Mm. 
VFt.  pibSic 


I 


If  tin  7  J  ft 
lftial0.2ft 
IfUnlSJft 
Iftina  ft 


For  example,  a  6-in.  sewer,  laid  to  a  grade  of  1  ft  in  61^ 
ft,  win  have  a  velocity  of  270  ft  per  minute,  or  414  ft  per 
second,  and  will  discharge  324  gallons  per  minute.  Other 
grades  and  discharges  can  be  similarly  figured  from  the  labia 
The  friction  loss  caused  by  ells  and  valves  in  pipe  work 
can  be  calculated  from  the  data  given  in  Table  14. 

TABLE   14 

Friction  Equivalent  of  Ells  and  Globe  Valves  In  Lengths  of 

Straight  Pipe 


Dz^MSTiB  OF  Pm 


1*  '5*: 

Jit  «  : 

|H  ::  . 

•H  ::  : 

4%  " 

5  "  . 

6  ••  . 

7  -  . 

8  -  . 

9  "  . 
10  "  . 
la  -  . 
14  ••  . 


Ell  uf  Fbbt  or  Pirs 

Olobs  Valts 
X»  Fare  OF  FiP« 

8   feet 

4 

feet 

0 

Lneh«s 

4     " 

5 

•t 

0 

6     •• 

7 

4* 

0 

M 

6     " 

8 

«« 

0 

M 

7      " 

10 

•• 

0 

M 

8     ** 

12 

<• 

6 

M 

10     " 

16 

•« 

0 

•? 

12      " 

17 

M 

6 

M 

14      •• 

20 

M 

0 

«« 

15      " 

22 

•• 

6 

« 

17     - 

25 

•  « 

0 

M 

20     " 

80 

•r 

0 

M 

24      **■ 

85 

** 

0 

M 

27     ." 

40 

M 

0 

M 

SO      " 

45 

•• 

0 

M 

84      •• 

50 

M 

0 

M 

40      " 

60 

•' 

0 

m 

47      " 

70 

»* 

0 

M 

If,  for  example,  it  is  desired  to  know  the  friction  loss 
in  a  line  of  piping,  caused  by  2  ells  and  1  valve,  the  slse  of 
pipe  being  4-in.,  by  referring  to  Table  14  It  will  be  seen 
that  one  4-in.  ell  is  equivalent  In  friction  to  14  ft  of  pipe, 
and  the  2  ells  would  therefore  mean  2S  ft,  which,  with  20 
ft  for  the  valve,  would  make  a  total  friction  equivalent  of 
28+20  feet,  or  a  total  friction  loss  equal  to  the  friction  low 
In  48  ft  of  4-in.  pipe. 


PLUMBING  533 

PROCESS  OF  SOLDERING 

The  object  of  soldering  Is  to  unite  two  portions  of  the 
same  metal,  or  of  difPerent  metals,  by  means  of  a  more 
fusible  metal  or  metallic  alloy  appUed  when  melted,  and 
known  by  the  name  of  solder.  The  parts  which  are  to  be 
joined  must  be  thoroughly  clean  and  free  from  oxides  or 
tarnish.  Surfaces  may  be  scraped,  filed,  scoured,  or  treated 
with  acids  to  prepare  them  for  soldering.  The  edges  of  the 
Joint  must  fit  well,  and  be  treated  with  a  flux  to  aid  in  the 
operation. 

Kinds  of  Solder.  •Bolders  are  known  as  hard  solders  and 
•oft  solders.  Since  "soft"  soldering  is  the  more  common 
form,  we  shall  devote  our  attention  to  this  process.  Soft 
solders,  also  called  tin  solders,  or  white  solders,  consist  of 
readily  fusible  metals  or  alloys,  and  do  not  possess  much 
strength.  They  are  easy  to  handle,  on  account  of  the  ease 
with  which  they  are  melted.  Soft  solders  are  composed  of 
tin,  lead-tin,  and  alloys  of  tin,  lead,  and  bismuth.  Plumbers 
solder,  also  called  half-and-half,  is  made  of  1  part  tin  and  1 
part  lead.  This  solder  melts  at  370  degrees  F.,  and  is  used 
for  wiped  Joints,  etc.  Ordinary  solder  for  general  use  with  a 
soldering-bit  is  made  of  5  parts  tin  and  3  parts  lead,  and 
melts  at -350  degrees  F.  Other  variations  of  these  mixtures 
are  used  with  the  addition  of  bismuth  for  blowpipe  work. 

Fluxes.  No  one  flux  can  be  assigned  to  any  one  metal  as 
being  peculiarly  adapted  to  that  metal  for  all  purposes.  In 
many  cases  the  nature  of  the  solder  used  determines  the  flux. 
The  fluxes  generally  used  in  the  soft  soldering  of  metals  are 
powdered  resin  or  a  solution  of  chloride  of  zinc — alond,  or 
combined  with  sal  ammoniac. 

A  common  method  of  appl3ring  resin  in  soldering  is  to 
powder  the  resin,  and  apply  it  to  the  work  by  means  of  a 
swab  consisting  of  a  small  tin  or  wooden  handle  to  which  a 
tuft  of  cotton  or  a  few  folds  of  cloth  have  been  fastened.  If 
a  liquid  resin  solution  is  desired,  the  resin  may  be  dissolved 
in  'alcohol,  thus  making  a  sort  of  varnish.  This  preparation 
when  applied  to  the  surface  to  be  soldered,  dries  out,  leaving 
a  thin  coat  of  resin  Just  where  it  is  desired. 

Ordinary  acid  solution  may  be  made  by  placing  3  parts 
of  hydrochloric  acid  and  1  part  of  water  in  a  lead,  glass,  or 
wooden  vessel,  then  slowly  adding  small  pieces  of  zinc  as 
long  as  any  action  of  the  acid  on  the  zinc  can  be  observed. 
Always  put  in  more  zinc  than  the  acid  will  dissolve,  and  allow 
the  solution  to  stand  several  hours.    A  test  should  then  be 
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made  to  see  that  there  is  sufficient  water  In  the  solntfan. 
To  make  this  test,  a  small  quantity  of  the  solution  is  re* 
moved  to  a  clean  dish,  and  a  bit  of  clean  new  zinc  is  dropped 
in.  Now  add  a  few  drops  of  water,  and  see  if  any  chemical 
action  upon  the  zinc  follows  the  addition  of  the  water.  If 
there  is  any  action,  the  original  solution  should  be  diluted 
with  water  until  further  addition  does  not  have  effect  upon 
the  zinc.  Pour  off  the  clear  part  of  the  liquor  for  use.  Care 
should  be  taken  in  this  process,  since  considerable  heat  fa 
present. 

A  variation  on  the  ordinary  acid  solution  is  obtained  by 
dissolving  the  zinc  in  three  quarts  of  "common  muriatic  or 
hydrochloric  acid  without  the  water  mentioned  in  the  pre- 
vious solution.  After  the  acid  has  dissolved  all  the  zinc 
possible,  pour  off  the  clear  liquid  as  before,  and  add  a 
solution  made  by  dissolving  6  ounces  of  sal  ammoniac  in  a 
pint  of  warm  water.  Also,  add  4  ounces  of  chloride  of  tin 
which  has  been  dissolved  in  another  pint  of  water.  These 
quantities  will  make  1  gallon  of  solution,  but  may  be  cut 
doMm  proportionately  for  smaller  quantities.  The  combina- 
tion of  solutions  will  be  a  little  cloudy,  but  may  be  cleared 
by  the  addition  of  a  few  drops  of  the  hydrochloric  acid.  Be 
careful  not  to  add  any  more  acid  than  Is  necessary  to  clear 
the  solution.  The  advantage  of  this  solution  is  that  it  will 
not  spatter  when  the  bit  is  applied  to  it.  and  also  will  allow 
the  use  of  a  poorer  grade  of  solder. 

Soldering  with  Bit.  See  that  all  surfaces  to  be  soldered 
are  clean  and  free  from  any  material  which  will  prevent  the 
solder  from  sticking.  Old  work  should  be  brightened  by 
scraping,  filing,  or  rubbing  with  emery  cloth.  For  small 
work,  the  solder  is  applied  to  the  bit  instead  of  to  the  work. 
A  small  amount  of  solder  may  be  picked  up  on  the  tinned 
part  of  the  hot  soldering  bit  to  the  place  which  is  to  be 
soldered.  If  the  surfaces  are  clean  and  properly  fluxed,  the 
solder  from  the  bit  will  readily  flow  over  them  and  adhere 
solidly. 

When  large  work  is  to  be  soldered,  as  in  the  case  of 
seams  in  a  tin  roof,  it  is  necessary  to  feed  the  solder  onto  the 
seam  by  melting  the  bar  of  solder  on  the  top  of  the  hot 
bit  as  it  is  moved  along  the  seam. 

Soldering  Bits.  Soldering  bits  are  usually  made  of  copper, 
and  are  "tinned"  on  the  point.  To  "tin"  a  bit.  the  tool  should 
be  heated  hot  enough  to  melt  solder  easily;  the  point  of  the 
x)ol  quickly  filed  bright,  and  then  rubbed  through  a  mixture 
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ot  solder  and  sal  ammoniac  spread  on  a  piece  of  tin.  This 
action  will  provide  a  thin  coating  of  solder  over  the  point  of 
the  bit. 

Bits  should  not  be  heated  too  hot,  nor  should  they  be 
used  too  cold  to  produce  smooth  work.  The  bit  should  be 
just  hot  enough  to  melt  the  solder  readily.  Bits  should  be 
kept  well  tinned  at  all  times  for  good  work. 

A  gasoline  blow-torch  or  a  charcoal  furnace  is  best  for 
heating  the  bit.  Heating  in  a  soft  coal  fire  causes  the  tin- 
ning to  vanish  very  quickly. 


^ 


r 


Gasfitting 


Ordinary  wrought-lron  or  steel  pipe,  such  aa  la  used  for 
water  or  steam,  is  suitable  for  all  kinds  of  illuminating  gaa 

Tables  of  dimensions  and  various  other  details  pertaining 
to  the  subject  of  pipes,  are  given  in  the  section  on  "Heating 
and  Ventilation."  Galvanized  malleable  Iron  fittings  are  to 
be  preferrei  for  gas,  and  should  be  used  rather  than  plain 
iron. 

Before  a  pipe  is  placed  in  position  it  should  be  thoroughly 
cleaned  out  by  a  blast  of  air  blown  through  it  under  pres- 
sure. 

The  supply  pipe  connecting  with  the  street  main,  and  ex* 
tending  to  the  building,  should  never  be  less  than  1-in.  pipe. 
This  pipe  should  be  laid  with  an  incline  toward  the  street 
main,  as  there  is  always  more  or  less  condensation  of  the 
gas,  the  result  being  the  formation  of  a  liquid  which  should 
be  allowed  to  find  its  way  into  the  street  main. 

In  fact  the  whole  system  of  gas  piping  in  a  building  should 
be  so  arranged  that  any  condensed  gas  will  flow  back  In  the 
system  toward  the  street  main. 

Drip-pipes  in  a  building  should  always  be  avoided.  The 
supply  main  should  rest  on  a  solid  foundation  of  blocks;  and 
before  the  trench  in  which  it  lies  is  filled  up,  it  should  be 
tested  for  leaks. 

In  fact,  the  whole  system  of  gas  piping  should  be  proved 
to  be  air-tight  and  gas-tight  under  a  pressure  of  air  that 
will  raise  a  column  of  mercury  12  in.  high  in  a  glass  tube. 
This  is  equal  to  about  6  lbs.  pressure  per  sq.  in. 

In  making  the  test,  all  outlets  should  be  capped,  or 
plugged.  Any  good  pressure  gauge  will  answer,  but  a  mer- 
cury gauge  is  best.  If  the  pipes  are  tight,  the  mercury  will 
not  drop  a  particle;  but  if  there  is  the  least  leak  the  mei> 
cury  will  show  it  The  system  of  piping  should  remain  un- 
der test  in  this  manner  for  at  least  one-half  hour.  It  is  a 
good  plan  to  paste  a  piece  of  white  paper  on  the  glass  tube 
Just  on  a  level  with  the  mercury,  to  mark  its  height  when 
the  pressure  is  on. 

Where  possible  it  is  best  to  test  each  floor  of  piping  sep- 
arately. After  the  test  is  made,  and  while  the  pressure  is 
still  on,  loosen  the  cap  on  each  outlet  separately,  and  notice 
If  the  pressure  goes  down  as  each  one  is  loosened.    This  will 
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show  If  all  the  pipes  are  clear,  or  If  there  are  obstmctions 
tn  any  of  them. 

The  test  on  the  pipes  should  he  repeated  Just  before 
the  plastering  is  commenced,  and  again  when  it  is  finished. 

Center  pipes  should  rest  on  a  solid  support  fastened  to 
the  floor  timbers  near  their  tops.  The  pipe  should  be  securely 
fastened  to  the  support  to  prevent  lateral  movement.  The 
drop-pipes  must  be  perfectly  piumb,  and  should  pass  through 
guides  fastened  near  the  bottoms  of  the  timbers.  This  will 
keep  them  in  position  despite  the  assaults  of  lathers,  masons, 
and  other  workmen. 

In  the  absence  of  explicit  directions  to  the  contrary,  the 
outlets  for  brackets  should,  as  a  rule,  be  at  a  height  of  5 
ft  6  in.  from  the  floor,  except  in  halls  and  bathrooms,  where 
it  is  customary  to  place  them  6  ft.  from  the  floor.  The 
nipples  located  at  these  points  should  project  not  more  than 
%  in.  frbm  the  face  of  the  plastering.  As  lath  and  plaster 
together  are  usually  %*  in.  in  thickness,  the  nipples  should 
project  1^  in.  from  the  face  of  the  studding. 

Drop  center  pipes  should  project  1%  in.  below  the  furring, 
or  timbers  if  there  be  no  furring,  and  if  it  is  known  that 
there  will  be  no  stucco  or  center-pieces  used.  Where  center- 
pieces are  to  be  used,  or  where  there  is  a  doubt  as  to 
whether  they  will  be  or  not,  then  the  drop  pipes  should  be 
allowed  to  project  about  12  in.  below  the  furring. 

All  pipes  being  properly  fastened,  the  drop  pipe  can  be 
safely  taken  out,  and  cut  to  the  right  length  when  the  gas 
fixtures  are  put  on. 

Gas  pipes  should  never  be  placed  on  the  bottoms  of  floor 
timbers  that  are  to  be  lathed  and  plastered,  for  the  reason 
that  they  would  be  practically  inaccessible  in  cases  of  leak- 
age, or  when  alterations  are  desired;  and,  in  addition  to  this 
objection,  the  gas  fixture  would  be  insecure. 

Following  is  an  extract  from  specifications  published  by 
the  Denver  Gas  &  Electric  Company,  which  are  of  particular 
interest  to  the  gasfitter. 

"Always  use  fittings  in  making  turns;  do  not  bend  pipe. 
Do  not  use  unions  in  concealed  work;  use  long  screens,  or 
right  and  left  couplings.  Long  runs  of  approximately  hori- 
zontal pipe  must  be  firmly  supported  at  short  intervals,  to 
prevent  sagging." 

Table  15  gives  the  correct  sizes  of  pipes  for  different 
lengths;  also  number  of  burners  which  can  be  supplied  from 
the  various  sizes  and  lengths  of  pipe. 
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TABLE  15 
Required  Sizes  of  Pipe,  and  Number  of  Burners  Supplied 


Greatest 

Size  of 

Greatest  l 

Greatest 

&lzeof 

Greatest 

No.  of  Feet 

Pipe  No.  of  Burn- 

No. of  Feet 

Pipe  No.  of  Bum* 

to  be  Run 

ers  Supplied 

to  be  Run 

ere 

Supplied 

20  ft 

%-In. 

2 

150  ft 

1%-iii. 

70 

30-ft 

Mi-ln. 

4 

200  ft 

2.in. 

140 

50  ft 

%-in. 

16 

300  ft 

2%-ln. 

226 

70  ft 

l-ln. 

26 

400  ft 

Sin. 

300 

100  ft 

1%-llL 

40 

500  ft 

4-in. 

500 

Table  16  shows  sizes  of  connections  that  should  be  left  f6r 
the  meter. 

TABLE  16 
Sizes  of  Connections  for  Meter 


No.  of 

Size  of 

No.  of. 

Size  of 

Lights 

Connection 

Lighto 

Connection 

3 

%-ln. 

60 

2-in. 

5 

%-ln. 

100 

2in. 

10 

1%-in. 

150 

2%.ln. 

20 

1%-in. 

200 

2Hin. 

30 

1%-in. 

250 

3ln. 

45 

1%-in. 

300 

4-in. 

"I' 


Electric  Wiring 

For  Light,  Heat,  and  Power 

The  following  abstract  of  Rules  of  the  "National  EHectric 
Code"  is  furnished  by  the  Inspection  Department  of  the  As- 
sociated Factory  Mutual  Fire  Insurance  Companies: 

RULES  OF  THE  NATIONAL   ELECTRICAL  CODE 

Contracts.  It  is  advised  that  all  contracts  for  electrical 
work  contain  the  following  clauses: 

No  fittings  shall  be  used  which  are  not  listed  in  the  latest 
edition  of  Approved  Electrical  Fittings,  issued  by  the  In- 
spection Department  of  the  Associated  Factory  Mutual  Fire 
Insurance  Ck)mpanies. 

Generators.  Generators  should  be  located  in  clean,  dry 
places,  away  from  combustible  materials;  and  a  light  loca- 
tion rather  than  a  dark  one  is  always  preferabla  It  is  not 
desirable  to  place  them  in  the  work-rooms  of  a  plant  where 
combustible  material  abounds,  as  in  the  ordinary  textile  mill, 
though  they  may  sometimes  be  so  located  if  properly  cut  off 
from  the  main  room  by  a  dust-tight  plank  partition.  A  loca* 
tion  suitable  for  a  first-class  steam  engine  is  none  too  good 
for  a  generator. 

A  solid  foundation  is  necessary  for  smooth  running.  The 
generator  frame  should,  where  possible,  rest  on  timber  sup- 
ports, and  should  be  fastened  to  them  by  lag  screws  or  bolts 
which  do  not  pass  through  in  such  a  way  as  to  electrically 
connect  the  frame  with  the  ground.  Two  parallel  timbers 
are  preferable  to  a  four-sided  framework,  which  encloses  a 
place  under  the  machine  that  is  difficult  to  keep  clean. 

Motors.  The  use  of  voltages  above  650  in  rooms  whefe 
manufacturing  processes  are  being  carried  on  is  rarely  ad- 
visable or  necessary,  and  will  be  approved  only  when  every 
possible  safeguard  has  been  provided.  Plans  for  such  in- 
stallations should  be  submitted  to  the  Inspection  Department 
before  work  on  them  is  begun. 

Direct-current  motors  and  altemating-cuiTent  motors  with 
brushes  should  be  so  located  or  enclosed,  especially  in  dusty 
or  linty  places,  that  inflammable  material  or  flyings  cannot 
accumulate  around  them  and  become  ignited  by  serious  spark- 
ing at  the  brushes.  Similar  protection  should  also  be  pro- 
vided in  wet  places,*  as  most  electrical  machinery  is  injured 
by  continued  exposure  to  moisture. 

^99 
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Alternating-current  induction  motors  of  tbe  tn>e  without 
brushes  can  be  safely  located  in  almost  any  part  of  a  textile 
plant  without  being  enclosed,  being  generally  no  more  danger- 
ous than  any  other  piece  of  machinery  running  at  the  same 
speed. 

.  For  light  work,  direct-current  motors  which  hare  an  of 
the  working  i^rts  enclosed  in  an  iron  case  are  on  the  mar- 
ket, and  these  "enclosed"  motors  may  be  treated  in  the  same 
way  as  induction  motors  without  btushes. 

Where  an  enclosure  around  the  whole  motor  Is  provided, 
it  should  include  the  starting  rheostat  or  auto-starter,  as  well 
as  the  main  switch  and  fuses  or  circuit-breaker,  and  should,  if 
possible,  be  of  such  a  size  as  will  permit  the  attendant  to 
enter  it  and  easily  get  at  any  part  of  the  apparatus.  It 
should  preferably  be  made  largely  of  glass,  so  as  to  keep 
the  motor  in  full  view  of  the  attendants,  thus  promoting 
cleanliness  and  making  it  possible  to  quickly  discover  any 
derangement  It  should  also  be  thoroughly  ventilated,  in  or- 
der to  prevent  undue  heating  of  the  electrical  machinery. 

Where  a  motor  is  permitted  to  be  used  in  a  dusty  or  linty 
place  without  being  enclosed,  or  if  the  enclosure  provided 
for  it  is  too  small  to  include  anything  else,  the  rheostat  or 
auto-starter,  and  the  main  switch  and  fuses  or  circuit-breaker, 
should  be  placed  in  a  dust-tight,  moisture-proof  cabinet  of  ap- 
proved construction.  Similarly,  in  wet  places,  these  accesso- 
ries should  be  protected  from  moisture  in  a  cabinet  which  \a 
thoroughly  moisture-proof. 

Many  A.  C.  motors  are  protected  by  oil-immersed  circuit- 
breakers  rather  than  fuses;  and,  as  these  circuit-breaker 
cases,  as  well  as  the  auto-starter  cases,  are  usually  made 
dust-and  moisture-proof,  no  further  enclosure  is  generally 
necessary. 

Switchboards.  Switchboards  should  be  made  of  slate  or 
marble,  supported  on  metal  frames,  and  should  be  located 
well  away  from  combustible  materials.  They  should  always 
be  open  at  the  sides;  and  a  space  of  at  least  12  inches  should 
be  left  between  the  floor  and  the  board,  and  3  feet,  if  possi- 
ble, between  the  ceiling  and  the  board,  in  order  to  lessen  the 
danger  of  communicating  fire  to  the  floor  or  ceiling,  and  to 
prevent  the  formation  of  a  partially  concealed  space,  very 
liable  to  be  used  for  the  storage  of  rubbish,  oily  waste,  etc 

The  instruments  should  be  neatly  arranged,  and  the  wiring 
on  the  back  should  be  laid  out  in  a  careful  and  workmao> 
like  manner. 
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It  is  recommended  that  all  live  parts,  such  as  bus-bars 
and  other  conductors,  be  protected  against  accidental  contact 
as  far  as  practicable  by  suitable  Insulation,  which  shall  be 
"flame-proof"  or  "slow-burning"  and  designed  to  withstand  a 
reasonable  amount  of  abrasion.  The  chances  of  accidental 
short-circuit,  and  arcing  at  these  points  may  thereby  be 
greatly  reduced.  Insulated  cable  for  bus-bars  and  connec* 
tions  is  excellent  for  this  purpose.  However,  the  conductors 
could  be  wrapped  or  taped  if  this  should  be  found  more  con* 
venient;  but  this  method  should  never  be  used  unless  it  can 
be  done  well.  Special  precautions  might  also  be  necessary 
with  either  method  if  applied  to  high-voltage  switchboards. 

In  addition  to  the  usual  measuring  instruments  and  other 
apparatus,  the  switchboard  should  contain  reliable  devices 
for  testing  for  grounds. 

Dynamo  Room  Wiring.  Since  there  are  generally  a  con- 
siderable number  of  wires  brought  close  together  in  this 
room,  particularly  in  the  vicinity  of  the  switchboard,  the  use 
of  a  "slow-burning"  insulation  is  of  great  importance;  and 
attention  is  therefore  called  to  the  paragraph  below  on  In* 
side  Wiring.  As  automatic  sprinkler  protection  is  not  always 
advisable  in  dynamo  rooms,  the  necessity  for  reducing  as 
far  as  possible  the  chances  of  a  fire  at  this  point  is  at  once 
evident  The  desirability  of  fireproof  construction  through- 
oat  the  dynamo  room  is  especially  emphasized. 

'Special  care  should  be  exercised  in  rigidly  supporting 
and  thoroughly  Insulating  the  wires  from  generator  to  switch- 
board, as  the  main  cutouts  are  usually  on  the  switchboard, 
and  a  short-circuit  between  these  wires  would,  therefore,  be 
likely  to  bum  out  the  armature. 

Outside  Wires.  All  outside  lines  should  be  carefully  laid 
out  through  factory  yards,  so  as  not  to  interfere  with  fire 
streams  or  ladders,  a  definite  plan  being  determined  upon 
before  work  is  commenced.  Many  wiremen  are  very  care- 
less about  this  matter,  and,  if  not  cautioned,  will  run  the 
wires  in  the  easiest  way,  regardless  of  looks  or  safety. 

Wherever  a  high-voltage  circuit  enters  the  factory  yard 
from  a  distant  station,  outside  emergency  switches  should 
be  so  placed  that  in  case  of  fire  or  other  accident  the  current 
can  be  quickly  and  safely  cut  entirely  out  of  the  yard.  Tele- 
phone or  call-bell  service  from  the  factory  to  the  power  sta- 
tion is  not  usually  sufliclently  reliable  to  make  these  switches 
unnecessary.  Lightning  arresters  should  be  provided  on  all 
wires  which  are  liable  to  receive  lightning  discharges. 
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Fire  Lights.  It  Is  a  good  plan,  where  possible,  to  arraage 
in  yards  and  buildings',  on  circuits  entirely  out  of  the  way  of 
ladders  or  fire  streams,  a  few  lights  which  may  be  throwa 
on  at  the  time  of  a  fire  when  the  main  lights  are'ofP,  enabling 
firemen  to  move  about  quickly  and  safely. 

Such  lights  can  generally  be  best  arranged  on  entirely 
separate  circuits,  and  will  often  be  useful  for  repair  work 
and  for  lighting  the  help  into  and  out  of  the  mill,  what  the 
main  lights  are  off.  These  circuits  may  take  current  from 
a  small,  separate  generator,  driven  by  an  independent  engine 
or  water-wheel;  or  from  outside  lines;  or  possibly  from  a 
storage  battery,  so  isolated  from  the  main  buildings  as  not 
to  be  affected  by  a  fire  in  them. 

Transformers.  Where  transformers  are  to  be  connected 
to  high-voltage  circuits,  the  Inspection  Department  should  al- 
ways be  consulted  before  work  is  begun  or  the  apparatus  is 
purchased,  as  it  is  necessary  in  many  cases,  for  best  protec- 
tion to  life  and  property,  that  the  secondary  system  be  per- 
manently grounded,  and  this  cannot  be  done  unless  provision 
is  made  for  it  when  the  transformers  are  built 

Transformers  should  always  be  located  outside  of  build- 
ings, unless  special  permission  is  given  to  put  them  inside. 
In  general,  it  is  dangerous  to  locate  transformers  with  ofl- 
filled  cases  inside,  as  it  is  entirely  possible  for  a  break-down 
of  insulation  to  ignite  the  oil,  which  may  result  in  a  very 
stubborn  fire.  For  the  same  reason,  the  placing  of  these 
transformers  on  roofs  is  also  objectionable. 

Even  transformers  which  are  not  oil-cooled  may  contain 
a  considerable  amount  of  combustible  material  which,  if 
ignited,  would  make  a  hot  fire,  especially  if  the  cases  are 
ventilated,  as  is  customary  with  these  types  of  transformers. 
Moreover,  a  bum-out  in  the  windings  may  cause  dense  smoke, 
which  might  easily  be  mistaken  for  a  fire  and  cause  fire 
streams  to  be  thrown  into  the  building,  with  a  resultant  water 
damage.  They  can,  therefore,  be  permitted  inside  of  build- 
ings only  after  the  circumstances  have  been  carefully  con* 
sidered  and  the  necessary  safeguards  provided. 

Inside  Wiring.  Rubber-covered  wire  must  be  used  in  all 
damp  places;  while  rubber-covered  or  varnished  cambric- 
covered  wire  must  be  used  in  all  conduit,  molding,  or  con- 
cealed work,  and  throughout  all  systems  on  which  the  volt- 
age exceeds  550. 

For  open  work  in  dry  places  where  the  voltage  is  not 
over  550,  rubber-covered  wire  may  be  used  if  desired,  but 
Blow-burning  weather-proof  wire  fulfills  every  requirement 
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for  Buch  work— in  fact  is  preferable — and  is  less  expensiveb 
This  wire  has  special  merit  for  use  in  linty  and  dusty  places, 
for  lint  does  not  readily  adhere  to  the  hard,  smooth,  outer 
surface,  as  *is  the  case  with  wires  having  a  weather-proof 
braid  on  the  outside  which  in  warm  rooms  becomes  sticky. 
Moreover,  what  little  lint  may  collect  upon  it  can  be  easily 
brushed  off,  so  that,  when  "sweeping  down,"  there  is  much 
less  liability  of  breaking  the  insulators  or  badly  deranging 
the  wires. 

Where  of  necessity  a  considerable  number  of  "open" 
wires  are  brought  close  together — as,  for  example,  about  the 
ordinary  distributing  switchboard — either  the  wires  should 
liave  the  slow-burning  insulation  as  just  described,  or,  if  a 
rubber  or  varnished  cambric  insulation  is  necessary,  it  should 
be  protected  by  a  heavy,  slow-burning  outer  braid. 

The  weather-proof  and  rubber  insulations  in  common  u'sd 
contain  a  large  amount  of  inflammable  material,  which  ig- 
nites easily  and  produces  a  fierce  fire  and  dense  smoke.  It  is 
therefore  desirable  to  reduce,  as  far  as  possible,  the  amount 
of  this  inflammable  material,  and  to  surround  it  with  a  tight. 
Blow-burning  cover  to  prevent  rapid  combustion.  To  still  fur- 
ther reduce  the  amount  of  combustible  material,  the  porce- 
lain insulators  by  which  the  wires  are  held  in  place  may  be 
supported  on  an  iron  frame. 

Before  beginning  work,  the  circuits  should  be  carefully 
mapped  out,  and  the  work  so  planned  as  to  secure  the  very 
simplest  arrangement.  The  wiring  should  then  be  put  up  in 
a  neat  manner,  and  should  present  a  thoroughly  workmanlike 
appearanca 

In  many  cases  far  too  little  attention  is  given  to  this  mat- 
ter while  the  work  is  in  progress,  the  result  being  a  general 
disappointment  to  all  interested  in  the  plant,  especially  to 
those  who  understand  what  a  really  flrs^class  Job  of  wiring 
looks  like.  This  disappointment  is  probably  felt  by  nobody 
more  than  by  the  owner,  when  he  realizes  that  with  reasona- 
ble care  and  common  sense  a  better  and  undoubtedly  safer 
equipment  could  have  been  installed  at  practically  the  same 
expense. 

In  mill  work,  "open**  wiring  securely  supported  on  porce- 
lain insuli^tors  is  generally  best  Mains  of  No.  8  B.  ft  S.  gage 
wire  and  larger  are  usually  most  conveniently  carried  through 
space  from  timber  to  timber  and  supported  at  each  timber 
only.  Smaller  wires  thus  supported  would  be  liable  to  be 
broken,  and  should  therefore  be  wrapped  around  the  beams 
or  carried  through  them  in  holes  bushed  with  porcelain;  or 
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they  may  be  fastened  to  strong  running-boards,  well  pnt  np. 
The  Idea  Is  to  have  the  wires  so  rigidly  supported  on  proper 
Insulators  that,  even  If  they  were  bare,  the  insulation  of  the 
system  would  be  perfect.  All  Joints  should  be  securely  made 
and  then  carefully  soldered  and  taped. 

Wires  should  be  carefully  protected  where  liable  to  be  de- 
ranged or  injured,  as  in  passing  from  story  to  story  up  side 
walls  or  columns,  or  near  belts,  or  over  shelyes  and  sfmflar 
places  where  anything  is  likely  to  be  piled  against  them.  Exr 
cellent  protection  can  be  secured  by  carrying  them  through 
iron  pipe,  first  reinforcing  the  insulation  of  each  wire  by  en- 
closing it  in  flexible  insulating  tubing,  unless  the  wire  Is 
double-braided  rubber,  or  varnished  cambric-covered,  in  which 
case  the  insulating  tubing  is  unnecessary.  An  approved  fitting 
should  be  provided  at  each  end  of  the  pipe  to  prevent  the 
wires  resting  on  sharp  edges. 

On  A.  C.  systems,  the  two  or  more  wires  of  the  same  dr* 
cult  should  be  run  in  the  same  pipe  to  avoid  induction  ^- 
fects.  Even  on  D.  C.  systems  this  arrangement  is  best,  as 
then  the  expense  and  inconvenience  of  rewiring  is  avoided 
when  it  is  desired  to  change  such  systems  to  alternating  cur- 
rent, which  frequently  happens.  Protection  may  also  be  ob- 
tained by  strong  wooden  boxing,  with  a  slanting  top  to  keep 
out  dirt,  the  holes  through  which  the  wires  enter  the  top 
being  bushed  with  short  porcelain  tubes. 

The  use  of  incandescent  lamps  in  series  on  constadt-po- 
tential  systems  is  not  approved  where  the  voltage  of  the  cir- 
cuit is  over  250. 

Switches.  Knife-switches  should  be  enclosed  in  cabinets 
in  all  dusty  or  llnty  places,  or  when  so  located  that  persons 
would  be  liable  to  come  in  contact  with  the  bare  live  parts. 
Up  to  250  volts  and  30  amperes,  approved  indicating  snap- 
switches  are  considered  preferable  for  use  on  lighting  dr^ 
cults. 

Cut-Outs.  Link  fuses  are  not  advised  for  general  use 
about  a  factory  and  will  not  be  approved  unless  mounted  on 
slate  or  marble  bases  made  to  conform  to  specifications  for 
cut-outs,  and  enclosed  In  dust-tight,  fireproofed  cabinets. 
The  ordinary  porcelain  link-fuse  cut-outs  are  not  permissible. 
Approved  plug  and  cartridge  fuses  may  be  used  almost  any* 
where  in  the  ordinary  manufacturing  plant  without  the  en- 
closing cabinet,  such  cabinets  being  necessary  only  In  spe* 
daily  hazardous  places,  or  where  persons  would  be  liable  to 
come  in  contact  with  the  bare  live  parts.  These  fuses  of 
the  enclosed  type  are  strongly  recommended  for  general  usa 
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In  1903  the  enclosed  fuse  was  standardized  by  a  special 
oommittee  of  the  underwriters  in  consultation  with  the  fuse 
manufacturers.  This  was  found  necessary  in  order  to  secure 
an  interchangeable  fuse  for  any  given  capacity,  regardless  of 
the  make.    This  feature  had  heretofore  been  sadly  lacking,  i 

and  the  result  had  been  great  inconvenience,  or  the  use  of  I 

dangerous  substitutes,  such  as  fuse  wire,  wire  nails,  etc.    The  > 

great  advantages  of  an  interchangeable  fuse  are  evident,  and  I 

it  is  urged  that  the  National  Electrical  Code  Standard  fuse  be  I 

used  generally. 

Rosettes.  Either  fused  or  fuseless  rosettes  may  be  used 
as  desired.  With  fuseless  rosettes  the  number  of  16-candle- 
power  lamps  per  circuit  should  not  exceed  12,  and  for  con- 
venience the  branch  cut-outs  should  be  located  over  alleys  or 
In  other  readily  accessible  places.  With  fused  rosettes,  30 
or  40  lamps  could  be  placed  on  one  circuit  if  desired;  but  it 
la  better  practice  to  have  a  smaller  number,  so  that  the  blow-  i 

Ing  of  the  fuse  at  a  branch  cut-out  will  not  extinguish  so 
many  lights. 

Flexible  Cord.  With  the  exception  of  wet  rooms,  store- 
houses, and  specially  hazardous  rooms  of  textile  mills  and 
the  like,  approved  flexible  cord  may  be  used  for  all  pendantd 
which  hang  freely  in  the  air.  If  the  lamp  is  to  be  moved 
about,  so  that  the  cord  is  liable  to  come  in  contact  with  sur- 
rounding objects,  reinforced  flexible  cord  like  that  described 
below  for  Portable  Lamps  should  be  provided. 

Either  the  two  insulated  conductors  which  form  the  cord  j 

should  be  carefully  knotted  together,  or  else  an  approved  de-  I 

vice  should  be  used  in  both  socket  and  rosette,  so  as  to  pre-  ! 

Tent  any  strain  from  coming  on  the  small  binding  screws  j 

In  these  fittings.  ' 

Portable  Lamps.  In  this  class  of  work  the  fittings  are 
subjected  to  much  hard  usage,  and  the  very  best  possible  con- 
struction is  therefore  necessary.  Instead  of  the  ordinary  flex- 
ible cord  made  for  pendant  lamps,  a  special  cord  having  an 
extra  covering  of  rubber,  reinforced  by  a  tough  outer  braid, 
should  be  used. 

The  cord  should  be  securely  fastened  to  the  wall  or  ceiling  i 

by  a  cleat  or  split  knob  near  the  point  at  which  it  connects  to  | 

the  rosette  or  supply  wires,  so  that  no  strain  can  come  6n  j 

this  connection.    It  should  also  be  knotted  inside  the  socket,  I 

as  explained  above  under  "Flexible  Cord."  An  approved 
metal  shell  socket  with  an  outlet  threaded  for  %-inch  pipe 
should  be  used,  so  that  the  whole  cable  may  be  drawn  into 


646    RADFORD'S  ESTIMATING  AND  CONTRACTING 

the  socket  and  still  permit  the  use  of  a  proper  socket  boshr 
ing. 

The  cord  of  pendants  which  do  not  hang  free  In  air,  or 
which  are  liable  to  come  in  contact  with  near-by  objects. 
should  also  be  of  the  reinforced  type. 

The  bulb  of  an  incandescent  lamp,  when  used  in  a  ftuy 
tory,  frequently  becomes  hot  enough  to  ignite  paper,  cotton* 
and  similar  readily  ignitible  materials;  and  in  order  to  pre- 
vent it  from  coming  in  contact  with  such  materials,  as  well 
as  to  protect  it  from  breakage,  every  portable  lamp  should 
be  surrounded  with  a  substantial  wire  guard.  Many  of  the 
lamp-guards  now  on  the  market  are  very  flimsy  and  utterly 
worthless. 

Waterproof  Pendants.  For  incandescent  lamps  In  wet 
places,  approved  waterproof  sockets  should  be  used.  These 
sockets  should  be  suspended  by  separate,  stranded,  rubber- 
covered  wires,  soldered  to  the  socket  leads  and  also  to  the 
overhead  wires.  Where  the  pendant  is  over  3  ft  long,  the 
wires  should  be  twisted  together.  The  entire  weight  of  the 
pendant  should  be  borne  by  cleats  or  some  other  independent 
means,  in  order  to  prevent  any  strain  on  the  connection  to 
the  overhead  wires. 

Arc-Lamps.  "Enclosed  arc"  lamps  having  tight  Inner 
globes  may,  in  general,  be  used  wherever  desired,  although 
in  Especially  Hazardous  Places  it  is  believed  that  the  incan- 
descent lamp  makes  the  safer  light  and  is  generally  as  satis- 
factory. Its  use  in  these  rooms  is  therefore  recommended  in 
preference  to  the  arc-lamp.  Any  switches  attached  to  arc- 
lamps,  or  resistance  coils  used  with  them,  must  be  so  ar- 
ranged and  protected  that  dust  cannot  gather  around  them 
and  become  ignited  by  a  spark  from  the  switch  or  by  over- 
heating of  the  resistance  or  magnet  coils.  Each  lamp  or  se- 
ries of  lamps  must  be  protected  by  a  separate  cut-out,  and  - 
the  lamps  may  be  grouped,  and  controlled  by  switches  as 
desired. 

As  a  matter  of  regulation,  it  is  not  advisable  to  have  a 
"^  very  large  number  of  lamps  controlled  by  one  switch,  as  to- 
noying  momentary  fluctuations  in  the  voltage  of  the  gen- 
erator may  result  when  the  switch  is  closed  or  opened. 

In  general,  the  use  of  arc-lamps  in  series  on  constant- 
potential  systems  should  be  avoided  if  possible.  However, 
if  other  arrangements  of  circuits  are  impracticable,  this  may 
be  permitted  on  low-voltage  circuits  where  the  conditioDft 
are  favorable. 
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Especially  Hazardous  Places.  For  IncandeBcent  lamps  In 
the  more  hazardous  places,  an  excellent  pendant  can  be  se- 
cured by- using  reinforced  flexible  cord  and  a  keyless  socket 
with  an  outlet  threaded  for  %-in.  pipe  and  properly  bushed,  as 
advised  for  Portable  Lamps.  The  cord  should  be  securely 
supported  from  the  ceiling  by  a  porcelain  cleat  or  split  knob, 
and  the  two  conductors  should  then  be  separated  and  soldered 
to  the  overhead  circuit.  The  regular  Waterproof  Pendant 
could  also  be  used.  As  far  as  possible,  cutouts  should  not  be 
located  In  these  rooms;  but,  if  this  cannot  be  avoided,  they 
should  be  of  the  plug  or  cartridge  type,  and  should  be  en- 
closed in  dust-tight  wooden  cabinets  of  approved  construction. 
If  it  is  desired  to  control  the  lights  from  points  in  th,ese 
rooms,  it  should  be  done  by  snap-switches,  which  should  be 
either  enclosed  in  dust-tight  cabinets  or  located  where  lint 
and  flyings  cannot  accumulate  around  them. 

Storehouses.  The  best  and  safest  light  for  storehouses  is 
the  incandescent  lamp.  Special  care  should  be  taken  to  so 
locate  and  protect  the  wires  that  the  handling  of  storage  in 
the  building  could  never  derange  them.  The  pendants  should 
be  of  the  type  advised  above  for  Especially  Hazardous  Places. 
The  cut-outs  and  switches  should  be  grouped  and  enclosed  in 
dust-tight  wooden  cabinets  of  approved  construction.  Strong 
lamp-guards  should  be  provided,  as  advised  for  Portable 
Lamps. 

Telephone,  Call  Bell,  and  Similar  Circuits.  The  arrange- 
ment of  these  wires  should  be  as  carefully  planned  as  that 
of  the  lighting  or  power  circuits.  They  should  be  so  placed 
as  never  to  be  in  the  way  of  fire  streams  or  ladders.  Where 
possible,  the  signal  wires  about  the  yard  should  be  kept  en- 
tirely away  from  lighting  or  power  circuits.  This  avoids  the 
liability  of  the  two  systems  crossing  if  breaks  ocdur,  and  dan- 
gerous currents  being  conducted  into  buildings  over  wires 
ordinarily  considered  harmless. 

Where  the  arrangement  is  of  necessity  such  that  crosses 
might  occur  if  wires  broke,  protectors  should  be  provided 
near  the  point  where  the  signal  wires  enter  each  building. 
Protectors  should  also  be  provided  on  all  foreign  lines,  such 
as  public  telephone  or  fire-alarm  wires,  and  on  all  private 
lines  which  are  liable  to  receive  lightning  discharges. 

MEASUREMENTS  FOR  ELECTRIC  WIRING 

The  lengths  and  sizes  of  wire  required  for  main  and 
branch  circuits  in  any  system  of  wiring  for  light,  heat,  or 
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power,  are  determined  by  the  location  of  the  centera  of  dlt> 
tribution.  These  are  the  particular  points  in  a  buUding  where 
the  cut-out  cabinets  are  located,  and  from  which  the  branch 
circuits  are  led  o£P.  Theoretically  the  center  of  distribution 
should  bear  the  same  relation  to  the  circuit  that  the  center 
of  gravity  bears  to  any  given  mass  or  body.  Therefore,  in 
laying  out  an  installation,  every  effort  should  be  made  to  so 
locate  the  distributing  centers  that  the  load  may  be  as 
evenly  divided  as  possible,  and  at  the  same  time  have  etxk 
distributing  center  located  where  it  will  be  easily  accessible 

Measurements  for  length  of  wire  required  for  each  branch 
circuit  are  to  be  taken  from  the  center  of  distribution  for 
that  circuit  to  the  farthest  lamp  or  motor  that  is  to'  be  sup- 
plied with  current  through  it,  and  this  distance,  multiplied  by 
2  for  a  2-wire  circuit,  or  by  3  for  a  3-wire  circuit,  will  equal 
total  length  of  wire  required.  Allowance  must  also  be  made 
for  bends  and  splicing. 

Size  of  Wire 

This  will  depend  upon: 

(a)  Value  of  current  to  be  carried. 

(b)  Distance,  or  extreme  length  of  wire. 

(c)  Drop  of  potential  allowed. 

Table  I,  showing  the  allowable  carrying  capacity  of  copper 
wires  and  cables  of  98  per  cent  conductivity,  according  to  the 
standard  adopted  by  the  American  Institute  of  Electrical  Eh* 
gineers,  must  be  followed  in  placing  interior  conductors. 

The  drop  of  potential  varies  from  2  to  2^  per  cent  when 
current  is  taken  from  public  mains,  and  from  3  to  5  per  cent 
in  case  current  is  generated  in  or  near  the  building  by  a  pri- 
vate generating  station. 

WIRING  METHODS  AND  CALCULATIONS 

Three  methods  of  inside  wiring  and  current  distribution 
are  shown  in  Figs.  1,  2,  and  3.  In  Fig.  1  the  service  mains 
are  run  to  the  main  distributing  center  M,  from  which  four 
main  circuits  run  to  the  different  floors  of  the  building.  The 
rules  of  the  National  Code  require  that  no  wire  for  inside 
wiring  shall  be  of  smaller  size  than  No.  14  B.  &  S.  gage, 
except  under  certain  special  conditions.  The  number  of 
lamps  allowed  on  each  branch  circuit  is  twelve  16-c.-p.,  or 
six  32-C.-P.  The  average  incandescent  lamp  consumes  3% 
watts  per  candle-power;  and,  in  order  to  ascertain  the  cor- 
rect sizes  of  wire  for  main  and  branch  circuits,  it  is  neces- 
sary to  know:  First,  the  maximum  value  of  the  current  that 
will  be  required  at  any  time  in  case  the  system  should  be 
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TABLE  1 
Allo>Mable  Carrying  Capacities  of  Copper  Conductors 


I^ABUBA. 

Tablb  B. 

Rubber 

Other 

Insulation. 

Insulations. 

RAaa. 

Amperes. 

Ampere& 

Circular  Mils. 

18... 

3.. 

6.... 

. .     1.624 

16.., 

6.. 

8.... 

. .     2.583 

14... 

....       12.. 

....      16.... 

. .     4.107 

12... 

...       17.. 

....       23.... 

. .     6,580 

10... 

....      24.. 

....      32.... 

..  10.380 

8... 

...      33.. 

....       46.... 

..  16,510 

6... 

...       46.. 

65.... 

.c  26.250 

5... 

....       54.. 

....       77.... 

..   88.100 

4... 

...      65.. 

....       92.... 

..   41.740 

3... 

...       76.. 

..:.   110.... 

..   52.680 

2... 

....      90.. 

....    131.... 

..   66,370 

1... 

...    107.. 

....     156.... 

..   83,690 

0... 

...    127.., 

....     185.... 

..105,600 

00... 

...    150.. 

220 

..133,100 

000... 

....    177.. 

262 

..167,800 

0000... 

....    210.. 

....    312.-.. 

..2X1.600 

circular  Mils. 

200,000... 

....     200.. 

....    300 

300,000... 

....    270.. 

....    400 

400.000.. 

330.. 

500 

500.000..  < 

. ...    390.. 

....     690 

600,000.. 
700.000... 

. ...     450.. 

680 

. ...     500.. 

....    760 

800.000.. 

550.. 

....    840 

900.000.. 
1.000.000... 
1,100.000.. 

. ...     600.. 

920 

. ...     650.. 

....1,000 

690.. 

....1.080 

1.200.000   . 

....     730.. 

....1.150 

1,300.000.. 
1,400,000. . 

, ...     770.. 

....1.220 

....     810.. 

1.290 

1.500.000.. 

850.. 

....1,360 

1,600.000.. 

890.. 

....1,430 

1,700.000.. 

930.. 

....1.490 

1.800,000-. 

970.. 

....1.650 

1.900.000.. 

....1.010,. 

....1,610 

2i000,*000 1,050 1,670 

The  lower  limit  In  Table  1  is  specified  for  rubber-covered 
wires,  to  prevent  gradual  deterioration  of  the  high  insula- 
tions by  the  heat  of  the  wires,  but  not  from  fear  of  igniting 
the  insulation.  The  question  of  drop  is  not  taken  into  con- 
sideration in  the  table. 

For  insulated  aluminum  wire,  the  safe  carrying  capacity 
is  84  per  cent  of  that  given  in  Table  1  for  copper  wire  with 
the  same  kind  of  insulation. 

The  canying  capacity  of  Nos.  16  and  18  B.  &  S.  gage  wire 
is  given,  but  no  smaller  than  No.  14  is  to  be  used  except  un- 
der  specially  favorable  conditions. 
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worked  to  full  capacity  (this  will  determine  the  size  of  the 
main  or  service  wires);  second,  the  wire  composing  each 
branch  circuit  should  have  a  carrying  capacity  suffldeatly 
large  to  enable  it  to  carry  the  full  amount  of  current  re- 
quired by  the  lamps  or  motors  connected  with  it 


Fig.  1.    Wiring  System  of  a  3-Story  and  Basement  Building 

Referring  to  Fig.  1,  we  may  assume  It  to  represent  a  plan 
of  the  wiring  system  of  a  3-story  and  basement  building. 

C.  O.  B.  is  the  basement  cut-out,  from  which  two  circuits 
run.  G.  O.  1  represent  3  cut-outs  and  6  circuits  for  the  first 
floor;  G.  O.  2  represent  2  cut-outs  and  4  circuits  on  the  sec- 
ond floor;  and  G.  O.  3  represent  2  cut-outs  and  4  circuits 
on  the  third  floor.  As  there  are  16  branch  circuits,  the  maxi- 
mum number  of  16-G.  P.  incandescent  lamps  which  this  sys* 
tem  could  carry  would  equal  16X12=192  lamps. 

Allowing  a  current  consumption  of  55  watts  per  lamp^ 
which  is  at  the  rate  of  about  3^  watts  per  candle-power,  the 
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total  nnmber  of  watts  coii8umed=192X  55=10,560;  and  If  the 
Toltage  Is  110,  which  Is  the  usual  rate  for  Incandescent  lamp 
service,  the  amperes  or  volume  of  current  required  wlll= 
10,560^110=:96  amperes.  Therefore  the  value  of  the  current 
to  be  carried  by  the  service  wires  from  the  street  mains  to 
the  main  center  of  distribution  M.  wlll=96  amperes  at  110 
volts. 

The  size  of  wire  required  for  the  service  can  be  calcu- 
lated as  follows:  Assuming  the  distance  from  point  of  con- 
nection with  street  mains  to  center  of  distribution  M,  to  be 
100  ft,  and  loss  of  current  to  be  2  per  cent.  This  will  require 
200  ft  of  wire,  and  2  per  cent  of  110=2.2.  The  sectional 
area  In  circular  mils  (C.  1^.)  of  the  required  wire  Is  found 
by  nsing  Formula  I,  as  follows: 

IXLX10.8 
C.  M= (1) 

V 

Where  IssCurrent  in  amperes  =  96 

L=Total  length  of  wire  in  feet =200 

v=Volts  lost  =  2.2 

10.8=A  con8tant=number  of  ohms  resistance  of  a 
piece  of  copper  wire  1  ft  long,  and  having 
a  cross-section  of  1  mil. 
Then, 

96X200X10.8 

C.  M.=r =  94,254,  which  is  the  cross-sectional 

2.2 

area  required  for  the  service  wires.  Referring  to  Table  1, 
It  will  be  seen  that  it  is  necessary  to  use  Number  O  wire. 
Although  this  size  wire  has  a  larger  cross-section  (105,500 
€.  M.)  than  Is  required,  still  it  Is  much  better  to  use  wire 
having  too  large  a  carrying  capacity  than  too  small,  which 
would  be  the  case  If  No.  1  (the  next  smaller  size)  were  used. 

Another  method  of  calculating  the  size  of  wire  may  be 
used  when  the  resistance  in  ohms  per  foot  Is  known. 

In  this  method  use  Formula  2: 

l,000v 

R= (2) 

IXL 

where  the  same  values  apply  that  are  used  in  Formula  1— 
namely,  I=^amperes;  Li=total  length  of  wire.  In  feet;  t= 
volts  lost    Then, 
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1,000X2.2 

R= =.114  ohmB,  which  Is  the  resistance  per  1,0W 

96X200 
feet  In  length  of  the  required  wire.  By  reference  to  Table  3 
(Dimensions  of  Copper  Wire),  It  will  be  seen  in  the  cohmm 
headed  "Ohms  per  1,000  Ft,"  that  the  nearest  approach  to 
this  Is  .102  ohm,  which  Is  the  resistance  per  1,000  Ibet  of 
No.  O  wire. 

Branch  Circuits.  Starting  at  main  distributing  center  M, 
assume  the  total  length  of  wire  required  for  circuit  A  to  be 
80  ft  From  cut-outs  0.  O.  1  are  carried  4  lighting  circulta* 
each  carrjrlng  twelve  16-C.  P.  lamps,  making  4X12=48  lamps, 
each  consuming  ^  ampere,  or  a  total  of  48^2=24  amperas 
of  current  at  110  volts  potential,  to  be  supplied.  Using  For* 
mula  1,  and  allowing  the  same  drop  (2  per  cent),  we  bava: 

24X80X10.8 

C.  M.= =9,425 

2.2 

Referring  to  Table  1,  the  column  headed  "Circular  Ids" 
shows  the  nearest  approach  to  this  number  is  10,380;  and  a 
glance  to  the  left  shows  that  this  is  the  number  of  C.  IL 
in  a  cross-section  of  No.  10  wire.  As  the  lengths  and  carry- 
ing capaclt1<^s  of  circuits  A,  B,  C  and  D  are  practically  the 
same.  It  will  be  seen  that  No.  10  wire  is  the  proper  size  to 
be  used  In  the  four  branch  circuits,  while  the  total  length  of 
this  size  of  wire  required  will  depend  upon  conditions,  and 
the  number  of  unavoidable  deviations  from  a  straight  line  in 
running  the  wire. 

Lighting  Circuits.  From  each  cut-out  box  there  are  two 
lighting  circuits  leading  in  the  directions  desired.  Taking 
one  of  the  circuits  leading  from  cut-out  C.  O.  B.,  if  we  assume 
the  distance  from  this  box  to  the  center  of  distribution  of 
this  circuit  to  be  D  feet,  and  allow  for  a  drop  of  2  volts  In 
potential,  the  size  wire  required  may  be  found  by  Formula  3: 
I X  2D  X  10.8 

C.  M.= (8) 

2 

Where  Isamperes  required  for  12  lamps=6 

DssDlstance  In  feet=48 
Then 

6X96X10.8 
C.  M.= =3,110 
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and  according  to  Table  1  the  next  highest  number  above  this 
Is  4,107,  which  Is  the  sectional  area  In  circular  mlUs/of  No.  14 
wire,  which  Is  the  proper  size  of  wire  to  use  on  this  circuit; 
and  as  the  circuit  just  under  consideration  Is  a  fair  sample 
of  all  the  lighting  circuits  In  the  building,  we  may  safely  cal- 
onlate  on  using  No.  14  wire  on  these  circuits. 

CD 


noTOR  c/Rcu/rs 

CO. 


^^ 


MoroK  cincui75 

CO. 


Fig.  2.    Plan  for  Wiring  a  Factory  Building. 


Light  and  Power  Circuits.  Fig.  2  shows  a  plan  for  wiring 
a  factory  building  In  which  current  Is  to  be  supplied  for  both 
lighting  and  power. 

In  this  system,  4  branch  circuits  are  taken  off  the  service 


r 
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mains  at  intervals,  before  tliese  mains  enter  the  last  center 
ef  distribution  at  C.  D. 

It  will  be  noted  that  the  service  mains  are  retained  at  full 
size  from  the  point  of  their  connection  with  the  street  mains 
to  the  main  cnt-out  box  C.  D.  In  this  plan  of  wiring  there 
are  8  branch  lighting  circuits,  and  4  branch  circuits  for  sup- 
plying current  to  motors.  Four  of  the  branch  lighting  cir- 
cuits are  supplied  with  current  from  the  service  mains  before 
the  latter  reach  the  distributing  center  C.  D.,  and  the  remain- 
ing four  radiate  from  that  center. 

The  motor  branch  circuits  are  connected  to  the  service 
mains  between  the  branch  lighting  circuits  and  distributing 
center  C.  D. 

Fig.  2  shows  the  building  as  wired  on  'the  2-wire  system, 
and  the  first  problem  will  be  to  find  what  size  wire  will  be 
required  for  the  service  mains. 

The  total  current,  in  watts,  to  be  carried  by  the  service 
mains  will  be: 

For— 96  incandescent  lamps  of  16  C.  P.,  rated  at  56  watts 

each=:5,280  watts  for  lamps. 
For —  4  motors,  5  horse-power  each — total  20  horse-power— 
746  watts  per  H.  P.,  making  a  total  of  746X20= 
14,920  watts  for  the  motors. 
And,  5,280+14,920=20,200  watts. 

Since  the  voltage  is  to  be  110,  the  number  of  amperes  of 

20,200 

current  to  be  carried  will  be =184. 

110 
Allowing  for  a  drop  of  3  per  cent,  what  will  be  the  re- 
quired size,  in  circular  mils,  of  the  service  mains,  assuming 
the  distance  to  be  150  ft.  from  connection  with  the  street 
mains  to  the  last  center  of  distribution  C.  D.T 

Using  Formula  1,  we  have: 

IXLX10.8 
C.  M.=. 

V 

where  I=Current,  in  amperes =184 

L=Total  length  of  wire,  in  ft:=150X2 =300 

v=Volts  lost=110X.03   ^.«3.$ 

Then, 

184X300X10.8 
C.  M.=  ■  180,656  circular  mils* 

3.3 
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and  by  reference  to  Table  I  it  will  be  seen  No.  0000  wire  will 
be  required. 

As  the  branch  lighting  circuits  in  this  system  are  similar 
to  those  shown  in  Fig.  1,  and  each  is  to  carry  practically 
the  same  amount  of  current.  It  will  not  be  necessary  to  enter 
into  details  regarding  the  size  of  wire  required,  except  that 
we  might  assume  one  Circuit  B)  as  extending  to  a  greater 
length  than  the  rest  We  may  assume  the  center  of  distribu- 
tion for  Circuit  A  to  be  located  at  a  distance  of  175  ft.  from 
the  point  of  connection  with  service  mains.  This  would  mean 
that  the  length  of  wire  required  would  be  175X2=360  feet, 
which  would  require  a  larger  wire. 

The  size  may  be  found  as  follows:  Assuming  that  there 
are  to  be  2  lighting  circuits  leading  from  the  cut-out  box, 
each  circuit  to  carry  12  lamps  (total,  24  lamps)  consuming  ^ 
ampere  per  lamp,  or  12  amperes  of  current  in  all;  and  the 
loss  or  drop  In  ▼oltage=2  volts.  Then, 
12X350X10.8 

C.  M.= =22,680  circular  mils 

2 
ttB  the  required  cross-section  of  wire  for  this  branch  clrcoit. 

By  reference  to  Table  I,  it  will  be  seen  that  No.  6  wire, 
which  has  a  cross-sectional  area  of  26,250  C.  M.  is  the  only 
size  that  will  come  near  meeting  the  requirements. 

If  we  allow  a  drop  of  3  volts  in  this  circuit,  which  is 
almost  3  per  cent,  the  circular  mils  required  wlll=15,120,  and 
No.  8  wire  may  be  used. 

Fuse-boxes  (F.  B.)  can  be  inserted  as  shown  In  the  branch 
circuits.  Then  in  case  of  a  short-circuit  across  the  contacts 
on  the  cutout  boxes,  the  smaller  fuse  will  blow. 

This  arrangement  also  makes  it  possible  to  disconnect  any 
distributing  center  for  purposes  of  testing,  without  interfering 
with  the  other  centers. 

Motor  Leads  or  Branch  Circuits.  Following  is  an  extract 
from  the  National  Code  regarding  this  subject: 

"The  motor  leads  or  branch  circuits  must  be  designed  to 
carry  a  current  at  least  25  per  cent  greater  than  that  for 
which  the  motor  is  rated,  in  order  to  provide  for  the  inevita- 
ble occasloniQ  overloading  of  the  motor  and  the  increased 
current  required  in  starting,  without  over-fusing  the  wires; 
but  where  the  wires  under  this  rule  would  be  over-fused,  in 
order  to  provide  for  the  starting  current,  as  In  the  case  of 
many  of  the  A.  C.  motors,  the  wires  must  be  of  such  size  as 
to  be  properly  protected  by  these  larger  fuses." 
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In  the  wiring  system  illustrated  In  Fig.  2  there  are  4  mo- 
tors, each  haying  a  capacity  of  5  H.  P.,  which  are  to  be  sup- 
plied with  current.  The  following  values  may  be  used  for 
calculating  size  of  mains  for  supplying  a  number  of  small 
motors,  as  in  the  case  of  Fig.  2: 

110  volts 7.5  amperes  per  horse-power. 

220  volts 3.75 

500  volts 1.65        "   .      " 

The  distance  from  point  of  connection  of  the  motor  brandi 
circuits  with  the  service  mains,  to  their  respective  centers 
of  distribution,  may  be  assumed  to  be  100  ft;  and  the  sixe  of 
wire  required  for  these  two  circuits  will  therefore  be: 

IXLX10.8 
C.  M. 

V 

As  each  of  these  two  circuits  is  to  supply  current  for  two 
5-H.  P.  motors,  it  will  be  necessary,  first,  to  ascertain  the 
value  of  current,  in  amperes  at  110  volts  potential,  that  will 
be  required.  According  to  the  rule  Just  given,  which  allows 
7.5  amperes  per  horse-power  for  110- volt  motors,  the  value 
of  I  for  two  motors=7.5X  10=75  amperes.  The  total  length 
(L)  of  wire  required  will  be  100X2=200  ft;  and  the  loss  to 
be  allowed  (v)  is  4  per  cent=110X. 04=4.4  volts.  Then, 
75X20T)X10.8 

C.  M.= =36.818  circular  mils 

4.4 

Referring  to  Table  1,  it  will  be  seen  that  No.  4  wire 
comes  next  highest  in  cross-sectional  area.  Therefore  tt 
must  be  used. 

If  a  loss  of  5  per  cent  were  allowed,  the  required  C.  M. 
cross-section  would  be  29,454,  which  is  slightly  less  than  Is 
contained  in  No.  5  wire. 

In  this  calculation  no  allowance  is  made  for  the  25  per 
cent  additional  current  referred  to  at  the  beginning  of  this 
section. 

Another  method  of  calculating  the  size  of  wire  for  these 
circuits  is  as  follows: 

One  horse-power  will  require  the  consumption  of  746 
watts,  electrical  energy;  and,  there  being  10  H.  P.  to  be 
developed,  the  total  number  of  watts=746X  10=7,460.  which, 
at  110  volts  potential,  will  require  7,460-^-110=68  amperes  of 
current.  This  represents  the  value  of  I,  and  the  loss  being 
same  as  before: 


ELECTBIC  WIBING  657 

68X200X10.8 

C.  M.= =33,381, 

4.4 
to  which  must  be  added  25  per  cent,  making  a  total  of  41,726 
circular  mils. 

Reference  to  Table  I  will  show  that  No.  4  wire  can  be 
used  under  this  calculation  also. 

The  size  of  wire  forming  the  circuits  that  lead  from  the 
cut-out  boxes  directly  to  the  motors,  is  obtained  in  the  same 
manner.  As  an  example,  we  may  calculate  the  size  of  wire 
for  one  of  these  circuits,  assuming  the  motor  to  be  6-H.  P. 
and  located  at  a  distance  oi  50  ft  from  its  distributing  cen- 
ter. 

Allowing  7.5  amperes  per  H.  P.,  value  of  1=7.6X5=37.5. 
The  value  of  Li=100  ft;  and  there  is  to  be  a  drop  of  2  volts. 
Then» 

37.5X100X10.8 

C.  M.= =20,250, 

2 
to  which  must  be  added  25  per  cent  for  safety,  making  a  total 
of  25,312  circular  mils;  and  according  to  Table  I,  No.  6  wire 
will  come  nearest  to  meeting  the  requirements. 

Size  of  Wires  for  Direct-Current  Motors.  Referring  to 
Table  2,  the  column  headed  "Size  of  Wire,  Branches"  gives 
sizes  of  wires  for  branches  and  for  mains  supplying  one 
motor,  and  is  based  on  the  25  per  cent  overload  demanded 
by  the  rule  of  the  National  Code.  The  column  headed  "Size 
of  Wire,  Mains"  gives  size  of  wire  to  be  used  for  mains;  but 
in  no  case  must  the  size  of  these  mains  be  less  than  that 
required  for  the  25  per  cent  overload  on  the  largest  motor 
such  mains  supply. 

The  question  of  drop,  or  loss  of  voltage  is  not  taken  into 
consideration  in  the  tables  which  herein  given. 

Table  2,  indicating  sizes  of  mains  and  branches  for  D.  G. 
motors,  is  taken  from  the  rules  and  regulations  of  the  De- 
partment of  Electricity,  Chicago,  111. 

Three-Wire  System.  This  system  of  wiring  requires  but 
3  wires  to  carry  the  same  amount  of  current  that  would 
require  4  wires  in  the  2-wire  system;  and  it  also  permits 
doubling  of  the  initial  voltage  of  the  system,  thus  reducing 
the  volume  or  amperes  one-half,  which  allows  the  use  of 
smaller  wires.  In  this  system,  3  mains  are  carried  through 
the  district,  and  a  potential  difference  of  220  to  230  volts  is 
maintained  between  the  two  outside  wires. 
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TABLE  2 
Sizes  of  Mains  and  Branches  for  Direct-Current  Motors 


no  Volts 

220  Volts 

Hone 

Power 

PuU 

RiMof 

Site  of 

Full 

Biaeof 

£fiseof 

Ohms 

load 

Wire 

Wire 

load 

Wire 

Wire 

P«r 

Curw 

.MainB 

Branches 

Cur- 

Mains 

Brandies 

1.000 

rent 

rent 

Feet 

1 

8 

14 

14 

4 

14 

14 

2.628 

2 

15 

12 

10 

8 

14 

14 

2  628 

3 

23 

10 

8 

12 

14 

12 

1  663 

4 

30 

8 

6 

15 

12 

10 

l.MO 

6 

38 

6 

6 

10 

10 

10 

1.040 

7.6 

56 

4 

3 

28 

8 

6 

.411 

10 

75 

3 

1 

38 

6 

6 

.411 

12.6 

94 

1 

0 

47 

6 

4 

.259 

15 

113 

0 

00 

56 

4 

3 

.205 

17.5 

131 

00 

000 

65 

4 

2 

.163 

20 

150 

00 

0000 
CM. 

75 

3 

1 

.129 

26 

188 

0000 
CM. 

250000 

94 

1 

0 

.102 

30 

225 

260000 

360000 

113 

0 

00 

.081 

35 

263 

*  300000 

400000 

131 

00 

000 

.064 

40 

300 

350000 

500000 

150 

00 

0000 
CM. 

.051 

46 

338 

400000 

600000 

169 

000 

250000 

.064 

60 

375 

500000 

700000 

188 

0000 

250000 

.051 

66 

413 

600000 

800000 

206 

0000 

300000 

.051 

Resisu 

CM. 

anccper 

450 

600000 

800000 

225 

250000 

350000 

Foot 

60 

.0000431 

66 

488 

700000 

900000 

244 

300000 

360000 

.000036 

70 

525 

800000 

1000000 

263 

300000 

400000 

.000036 

76 

563 

800000 

1100000 

281 

360000 

600000 

.0(K)U30B 

80 

600 

900000 

1300000 

300 

350000 

600000 

.0000308 

85 

638 

1000000 

1400000 

319 

400000 

600000 

.000027 

QO 

675 

1100000 

1500000 

338 

400000 

600000 

.000027 

95 

713 

1200000 

1600000 

356 

500000 

600000 

.0000215 

100 

750 

1300000 

1700000 

375 

500000 

700000 

.0000215 

125 

938 

1700000 

2-  900000 

469 

700000 

900000 

.0000155 

150 

1125 

2-  800000 

2-1100000 

663 

800000 

llOOOOO 

.0000135 

200 

1500 

2-1300000 

2-1700000 

750 

1300000 

1700000 

.0000083 

250 

1875 

2-1700000 

3-1300000 

938 

1700000 

2-  900000 

.0000063 

300 

2250 

3-1300000 

3-1700000 

1125 

2800000 

2-1100000 

.0000038 

The  third  wire,  called  the  neutral  wire,  Ilea  half-way  be- 
tween the  others  in  potential.  By  proper  connections,  the 
motors  can  thus  be  supplied  at  220  volts,  while  the  lamps 
are  operated  at  110  volts.  Incandescent  lighting  circuits  can 
be  maintained  from  either  outside  wiie,  to  the  neutral  wire. 
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An  examination  of  Table  2  will  show  the  saving  In  copper 
that  is  effected  by  supplying  D.  C.  motors  with-  220  yolts 
potential.  Take,  for  Instance,  a  D.  C.  motor  of  10  H.  P.  using 
current  at  110  volts.  In  this  case  a  No.  3  wire  Is  required 
for  the  mains;  but  when  current  Is  supplied  at  220  volts. 
No.  6,  wire,  just  one-half  the  size  of  No.  3,  can  be  used. 

Fig.  3  shows  a  plan  for  willing  a  building  for  light  and 
power  on  the  3-wire  system.  The  same  number  of  motor  and 
lighting  circuits  are  to  be  supplied  with  current  as  are  shown 
in  Fig.  2.  It  will  be  noticed  that  the  motor  leads  run  from 
the  two  outside  service  mains  to  their  respective  centers  of 
distribution,  while  the  branch  circuits  for  lighting  connect  to 
one  outside  wire  and  the  neutral  wire. 

For  the  purpose  of  calculating  size  of  wire  required  for 
the  service  mains  in  this  system,  we  may  assume  distauces 
and  lengths  of  wire  to  be  practically  the  same  as  given  In 
connection  with  Fig.  2 — ^namely,  150  ft.  from  point  to  point 
of  connection  of  service  mains  with  the  street  mains,  to  last 
center  of  distribution  (C.  D.),  from  which  two  motor  circuits 
lead.  The  same  amount  of  power  is  to  be  developed  by  the 
motors;  but  in  this  case  the  motors  are  to  use  current  at 
220  volts.  The  same  number  of  lamps  will  be  supplied  with 
current  at  110  volts  as  are  mentioned  in  connection  with 
Pig.  2. 

Using  the  same  methods  of  calculation,  we  have:  Total 
current,  in  watts,  required  by  the  96  lamps  at  55  watta 
each  =96X56=6,280  watts,  consequently,  amperes  for  the 
lamps  will  be  5.280-^110=48. 

The  four  motors  will  require  the  same  number  of  watts 
as  in  the  previous  installation  (14,920);  but,  since  they  are 
now  to  be  supplied  with  current  at  220  volts,  the  amperes 
will  be  reduced  Just  one-half;  thus  14,920-^220=68  amperes; 
whereas  the  amperes  required  for  the  motors  in  Fig.  2 
=14,920-^-110=136.  The  service  mains  in  Fig.  3  will  there- 
fore carry:  For  lamps,  48  amperes;  for  motors,  68  amperes; 
making  a  total  of  48+68=116  amperes  of  current.  Instead  of 
184  as  in  Fig.  2. 

Using  Formula  1,  we  may  now  calculate  size  of  wire  re- 
quired for  the  two  outside  wires,  allowing  the  same  percent- 
age of  drop  (3) ;  but  as  the  value  of  I  is  only  three-fifths  as 
great  as  in  the  case  of  Fig.  2,  the  value  of  v  will  be  Increased 
by  two-fifths,  making  v=4.6.  Then, 
116X300X10.8 

C.  M.= =81,704=No.  1  wire, 

4.6 
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which  Is  less  than  half  the  circular  mils  required  in  Fi^  1 
To  this  must  be  added  the  neutral  wire,  which,  for  outside 
work,  may  be  much  smaller  than  the  two  main  wir^.  Inside 
of  buildings,  however,  it  is  safest  to  have  the  neutral  of  the 
same  size  as  the  other  wires. 


HoroJ2 


CD. 


MOTOIZ 


Fig.  3. 


=m=^ 


CO.   \ 

UJ 

«0 


5 


;^5 
2^ 


Plan  for  Wiring  Factory  Building  on  the  Three-Wire 
System. 

Ordinarily  the  total  cost  of  wire  for  a  3-wire  system  Is 
calculated  to  be  %  of  that  for  a  2-wire  system  of  the  same 
capacity. 

In  calculating  sizes  of  leads  and  branch  circuits  for  mo- 
tors operating  on  220  volts,  as  in  Fig.  3,  use  same  methods 
as  for  figuring  size  of  service  wires,  leaving  out  the  neutral 
In  actual  practice,  these  calculations  need  not  often  be 
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TABLE  6 

Cost  per   Mile   of  Triple-Braid   Weather-Proof   Solid   Copper 

Conductor  at  10  to  20  Cents  a  Pound 

(5  per  cent,  allowed  for  sasr  and  waste.) 
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•.saa 

VI.  Mil* 
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TABLE  7 

Cost  per  Mile  of  Triple-Braid  Weatlier-Proof  Stranded  Copper 

Conductor  at  10  to  20  Cents  a  Pound 

(5  per  cent,  allowed  for  sa^  and  waste.)  
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TABLE  8 
Sizes  of  Wire  for  Single-Phase  Motors 


Horse- 
Power 

110  V 

0LT3 

220  VOLTS 

Full  Load 

Current 

Biacof 
Wire 

Full  Load 
Current 

Sim  of 
Wire 

1 
2 
3 

4 
5 

12 
M 
33 
44 
53 

12 

8 

4 
4 
2 

6 
11 
16 
22 
26 

14 
IS 

10 

8 
6 
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TABLE  9 
Sizes  of  Wires  for  Three-PFiase  IMotors 


no  VOLTS 

440  VOLTS 

Hbrw 
Power 

Full 

Slse  . 

Sice 

Full 

Sise 

Rise 

Fx»ad 

of  Wire, 

or  wiw. 

Load 

ofWIrp. 

of  Wire, 

Carrent 

Maln« 

Branche» 

Current 

Maliw 

branches 
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S 

14 

14 

t 

14 

14 

S 
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14 
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000 
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tw 
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1,»0 
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SM 
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0900 
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Column  headed  "Size  of  Wire,  Branches"  gives  size  of 
wire  for  branches  for  mains  supplying  one  motor,  and  is 
based  on  50%  overload. 

Column  headed  "Size  of  Wire,  Mains"  gives  size  of  wire  to 
be  used  for  mains,  but  in  no  case  must  the  size  of  these 
mains  be  less  than  that  required  for  the  50%  overload  on  the 
largest  motor  such  main  supplies. 

The  question  of  drop  is  not  taken  into  consideration  In 
TaW^  9. 
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as  it  is  much  easier  to  refer  to  the  tables  presented  on  tbB 
following  pages  (especially  Tables  3,  4,  and  5),  from  whick 
can  be  determined »  almost  at  a  glance,  the  proper  sizes  of 
wire  for  carrying  various  amounts  of  current  in  amperes,  dif- 
ferent distances  in  feet,  at  various  percentages  of  loss.  These 
tables  are  calculated  on  safe  carrying  capacity  for  the  dif- 
ferent sizes  of  wire.  Distances  in  feet  are  to  center  of  dis- 
tribution. Table  1  should  always  be  consulted  before  mak- 
ing a  selection  of  wire.  This  table  is  taken  from  the  rules 
of  the  National  Board  of  Fire  Underwriters,  and  is  therefore 
standard. 

ELECTRIC    ILLUMINATION 
Table  X  shows  the  coefnclents  of  diffusion  for  various  col- 
ored interior  walls  and  ceilings. 

TABLE  10 

Coefficients  of  Diffusion  for  Colored  Walls  and  Ceilings 

Percentage  of 

Color  of  Walls  Light  Reflected 

White  wallpaper  70  to  80^ 

Yellow  wallpaper  35  to  40<;t? 

Emerald  green about  1Z% 

Black  paper about    S% 

Deep  blue  paper about    Z% 

Black  velvet about  .4  of    1% 

It  is  evident  from  Table  10  that  in  estimating  number  of 
lamps  required  for  lighting  a  building,  it  is  necessary  to 
know  the  color  of  the  interior  decorations. 

In  estimating  candle-power  on  the  basis  of  volume  In  eu. 
ft  of  halls,  rooms,  etc.,  Table  11  will  be  of  service. 

TABLE  11 

Candle-Power  Required  for  Lighting  Interiors  per  Cubic  Foot 

Volume  of  Space 

(Walls  and  ceilings  of  medium  tint) 

Kind  of  Building  C.  P.  Required  per  Ca.  Ft  of  Space 

Public  Hall 065  candle-power 

Legislative  Hall  ^ 052      " 

Church  022      - 

Opera  House  035   " 

Theatre 020  *' 

Drawing  Room 018      " 

Example — ^Assume  the  volume  of  space  in  a  public  hall 
to  be  20.000  cu.  ft  The  required  illumination  in  C.  P.=20.000 
X.055=1.100  C.  P. 
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The  quantity  of  light  required  per  cu,  ft,  as  already  Inti- 
mated, win  also  depend  upon  color  of  walls,  ceilings,  etc. 
The  figures  given  In  Table  11  assume  walls  and  ceilings  to 
be  of  a  medium  tint,  neither  too  dark  nor  too  light.  Shades 
and  globes  also  absorb  a  certain  amount  of  light,  making  It 
necessary  In  certain  cases  to  increase  the  figures  here  given, 
so  as  to  allow  for  this  loss. 

Table  12  will  be  found  helpful  In  calculating  Illumination 
by  means  of  enclosed  arc-lamps. 

TABLE  12 
illumination  by  Enclosed  Arc-Lamps 
Kind  of  Space  to  Sq.  Ft.  to  be  Allowed  per  Lamp 

^    be  Illuminated.  of  2,000  Candle-Power. 

Open  areas   20.000  sq.  ft  * 

Railroad  stations 14,000    "    " 

Machine  shops  2,000    "    •* 

Foundries  5,000    "    " 

Thread  and  Textile  mills 2,000  to    4,600    "    •• 

Train  sheds   12,600  to  14,400    "    *' 

In  estimating  candle-power  according  to  floor  space  of 
rooms  to  be  lighted,  assuming  ceilings  to  be  of  the  usual 
height  for  residence  buildings,  calculate  number  of  sq.  ft  of 
floor  space  in  each  room;   then  for  each  100  sq.  ft  allow: 
For  good  illumination,  2  16-C.  P.  Incandescent  lamps. 
For  very  bright  light,  3  16-C.  P. 
For  brllUant  Ught,        4  16.C.  P. 

AUTOMATIC  CUT-OUTS— (FUSES  AND   CIRCUIT- 

BREAKERS) 

All  Voltages — Constant  Potential  Systems 

Extracts  from  General  Rules — National  Electrical  Code: 

a.  Automatic  cutouts  must  be  placed  on  all  service  wires, 
either  overhead  or  underground,  as  near  as  possible  to  the 
point  where  they  enter  the  building,  and  inside  the  walls, 
and  arranged  to  cut  off  the  entire  current  from  the  building. 

The  purpose  of  such  cut-outs  is  to  make  sure  that  the 
wires  inside  a  building  cannot  be  subjected  to  a  current 
larger  than  they  can  safely  carry.  They  are  absolutely  neces- 
sary when  taking  current  from  a  public  plant,  as  the  fuses 
in  the  mains  are  often  changed  without  regard  to  the  size  of 
the  wires  in  the  buildings. 

b.  Must  be  placed  at  every  point  where  a  change  is  made 
in  the  size  of  wire,  unless  the  cut-out  in  the  larger  wire  will 
protect  the  smaller. 
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For  3-wlre  D.  C,  or  single-phase  systems,  the  fuse  In  the 
neutral  wire,  except  that  called  for  under  Section  d,  may  be 
omitted,  provided  the  neutral  wire  is  properly  grounded. 

It  will  frequently  be  found  necessary  to  provide  cut-outs 
where  taps  are  taken  from  large  mains.  In  such  cases,  if  the 
clamps  on  the  cut-outs  are  not  sufficiently  large  and  strong 
to  give  a  firm  and  secure  connection,  a  short  length  of  smaDer 
wire  may  be  soldered  to  the  main  wire  and  then  carried 
directly  to  the  cut-out,  which  should  be  located  as  near  as 
possible  to  the  point  of  connection  with  the  mains.  Special 
care  should  be  taken  to  gniard  these  leads  from  accident,  as 
they  may  not  be  properly  protected  by  the  fuses  in  the  main 
circuit 

c.  Must  be  in  plain  sight,  or  enclosed  in  an  approval  ^ 
cabiniet  and  readily  accessible.    They  must  not  be  placed  In 
the  canopies  or  shells  of  fixtures. 

Link  fuses  may  be  used  only  when  mounted  on  slate  or 
marble  bases,  and  must  be  enclosed  in  dust-tight,  fireproofed 
cabinets,  except  on  switchboards. 

d.  Must  be  so  placed  that  no  set  of  incandescent  lamps 
requiring  more  than  660  watts,  whether  grouped  on  one  fix- 
ture or  on  several  fixtures  or  pendants,  will  be  dependent 
upon  one  cut-out.  Special  permission  may  be  given  in  writing 
by  the  Inspection  Department  having  jurisdiction,  for  de- 
parture from  this  rule  in  the  case  of  large  chandeliero,  stage 
borders,  and  illluminated  signs. 

The  above  rule  shall  also  apply  to  motors  when  more 
than  one  is  dependent  on  a  single  cut-out 

The  idea  is  to  have  a  small  fuse  to  protect  the  lamp 
socket  and  the  "small  wire  used  for  fixtures,  pendants,  etc 
It  also  lessens  the  chances  of  extinguishing  a  large  number 
of  lights  if  a  short-circuit  occurs. 

Unless  fused  rosettes  are  used,  the  fuses  in  the  branch 
cut-outs  should  not  have  a  rated  capacity  greater  than  6  am- 
peres on  110-volt  systems,  and  3  amperes  on  220-volt  systems. 

If  ceiling  rosettes  are  used — either  fused  or  fuseless — 
there  must  be  a  separate  one  for  each  pendant  and  they 
must  be  supported  independently  of  the  overhead  wires. 

SWITCHES 

a.  Switches  must  be  placed  on  all  service  wires,  either 
overhead  or  underground,  immediately  at  a  point  where  they 
enter  the  building  and  within  7  ft.  of  the  floor.  Provided, 
however,  service  switches  may  be  located  away  from  where 
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Wires  enter  buildings,  when  space  where  said  wires  enter  is 
used  for  purposes  such  that  the  location  of  cut-out  therein 
would  increase  the  fire  hazard,  in  which  case  the  wires  must 
be  encased  in  standard  continuous  conduit,  from  a  point  out- 
side the  building  to  the  point  where  the  switch  is  installed. 
The  switch  required  by  this  section  must  be  so  placed  as  to 
be  protected  by  cut-out. 

Service  cut-out  and  switch  must  be  arranged  to  cut  off 
current  from  all  devices  including  meters. 

b.  Must  always  be  placed  in  dry,  accessible  places,  and  be 
grouped  as  far  as  possible. 

In  risks  having  private  plants,  the  yard  wires  running 
from  building  to  building  are  not  generally  considered  as 
service  wires,  so  that  cut-outs  would  not  be  required  where 
the  wires  enter  buildings,  provided  that  the  next  fuse  back 
is  small  enough  to  properly  protect  the  wires  inside  the  build- 
ing in  question. 

Up  to  250  volts  and  30  amperes,  approved  indicating  snap- 
switches  are  advised  in  preference  to  knife-switches  on  light- 
ing circuits. 

ELECTRIC  HEATERS 

a.  Must  be  protected  by  a  cut-out,  and  controlled  by  indi- 
cating switches.  Switches  must  be  double-pole  where  the 
device  controlled  requires  more  than  660  watts  of  energy. 

b.  Must  never  be  concealed,  but  must  at  all  times  be  in 
plain  sight.  Special  permission  may  be  given  in  writing  by 
the  Electrical  Department  for  departure  from  this  rule. 

e.  Flexible  conductors  for  smoothing  irons  and  sad  irons, 
and  for  all  devices  requiring  over  250  watts,  must  have  a 
standard  insulation  and  covering. 

d.  For  portable  heating  devices,  the  flexible  conductors 
must  be  connected  to  a  standard  plug  device,  so  arranged  that 
the  plug  will  pull  out  and  open  the  circuit  in  case  any  abnor- 
mal strain  is  put  on  the  flexible  conductor.  This  device  may 
be  stationary,  or  it  may  be  placed  in  the  cord  Itself.  The 
cable  or  cord  must  be  attached  to  the  heating  apparatus  in 
such  manner  that  it  will  be  protected  from  kinking,  chafing, 
or  like  injury  at  or  near  the  point  of  connection. 

e.  Smoothing  irons,  sad  irons,  and  other  heating  appli- 
ances that  are  intended  to  be  applied  to  inflammable  articles, 
such  as  clothing,  must  conform  to  the  above  rules  so  far  as 
they  apply.  They  must  also  be  provided  with  an  approved 
stand,  on  which  they  should  be  placed  when  not  in  use. 
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f.  Stationary  electric  heating  apparatus,  such  as  radiaton,, 
ranges,  plate  warmers,  etc.,  must  be  placed  in  a  safe  locatioii, 
isolated  from  *  inflammable  materials,  and  be  treated  as 
sources  of  heat 

g.  Must  each  be  provided  with  name-plate,  giving  the 
maker's  name  and  the  normal  capacity  in  volts  and  amperes^ 

LIGHTNING  ARRESTERS 

a.  Must  be  provided  on  each  wire  of  every  overhead  cir- 
cuit connected  with  the  station. 

b.  Must  be  located  in  readily  accessible  places,  away 
from  combustible  materials,  and  as  near  as  practicable  to  the 
point  where  the  wires  enter  the  building. 

Station  arresters  should  generally  be  placed  in  plain  si^t 
on  the  switchboard. 

Kinks,  coils,  and  sharp  bends  in  the  wires  between  the 
arresters  and  the  outdoor  lines,  must  in  all  cases  be  avoided 
as  far  as  possible. 

0.  Must  be  connected  to  a  thoroughly  good  and  perma- 
nent ground  connection  by  metallic  strips  or  wires  having  a 
conductivity  not  less  than  that  of  a  No.  6  B.  &  S.  gage  copper 
wire,  which  must  be  run  as  nearly  in  a  straight  line  as  pos- 
sible from  the  arresters  to  the  ground  connection. 

Ground  wires  for  lightning  arresters  must  not  be  attached 
to  gas  pipes  within  the  buildings. 

Whenever  lightning  is  discharged  through  an  arrester,  the 
generator  current  tends  to  follow  the  discharge  current,  as 
the  heat  of  the  latter  volatilizes  a  little  of  the  metal  and 
forms  between  the  points  a  bridge  of  metal  vapor,  which 
quite  readily  conducts  electricity.  The  arrester  must  be  so 
designed  as  to  break  this  arc,  as  otherwise  the  generators 
may  be  injured  and  the  service  interrupted.  ^The  arrester 
itself  would  also  probably  be  injured,  and  might  not  then 
afford  protection  against  a  second  discharge. 

SIGNALING  SYSTEMS 

The  requirements  for  signaling  systems  including  wiring 
for  telephone,  telegraph,  district  messenger,  and  call-bell  cir- 
cuits, fire  and  burglar  alarms,  and  all  similar  systems,  are 
as  follows: 

a.  Outside  wires  should  be  run  in  underground  ducts  or 
strung  on  poles,  and  as  far  as  possible  should  be  kept  off 
buildings.  Theylnust  not  be  placed  on  the  same  cro8fr«rm 
with  electric  light  or  power  wires,  and  should  not  occupy  the 
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duct»  manhole,  or  handhole  of  conduit  systems  with 
such  wires. 

b.  When  outside  wires  are  run  on  same  pole  with  electric 
light  or  power  wires,  the  distance  between  the  two  inside 
pins  on  each  cross-arm  must  not  be  less  than  24  inches. 

Should  be  placed  on  lower  cross-arms. 

c  Where  wires  are  attached  to  the  outside  of  buildings 
they  must  have  an  approved  rubber  insulating  covering;  and, 
on  frame  buildings,  or  frame  portions  of  other  buildings,  shall 
be  supported  on  glass  or  porcelain  insulators,  or  knobs. 

d.  The  wires  from  last  outside  support  to  the  cut-outs  or 
protectors  must  be  of  copper,  and  must  have  an  approved 
rubber  insulation. 

Must  be  provided  with  drip  loops  immediately  outside  the 
building,  and  at  the  entrance. 

e.  Wires  must  enter  building  through  approved  non-com- 
bustible, non-absorptive,  insulating  bushings  sloping  upward 
from  the  outside. 

INTERIOR  CONDUITS 

a.  No  conduit  tube  having  an  internal  diameter  of  Idss 
than  %  in.  shall  be  used.  With  lined  conduit,  this  measure- 
ment Is  to  be  taken  inside  the  metal  tube. 

b.  Must  be  continuous  from  outlet  to  outlet  or  to  junction- 
boxes,  and  the  conduit  tube  must  properly  enter,  and  be  se- 
cured to  all  fittings. 

c.  Must  first  be  installed  as  a  complete  conduit  system, 
without  the  conductors. 

d.  Must  be  equipped  at  every  outlet  with  an  approved 
outlet  box  or  plate. 

e.  Metal  conduits,  where  they  enter  junction-boxes,  and 
at  all  other  outlets,  etc.,  must  be  provided  with  approved 
bushings,  fitted  so  as  to  protect  the  wire  from  abrasion,  ex- 
cept when  such  protection  is  obtained  by  the  use  of  approved 
nipples,  properly  fitted  in  the  boxes  or  other  devices. 

f.  The  metal  of  the  conduit  must  be  permanently  and 
effectively  grounded. 

g.  Junction-boxes  must  always  be  installed  in  such  a  man- 
ner as  to  be  accessible. 

h.  All  elbows  or  bends  must  be  so  made  that  the  conduit 
or  lining  of  same  will  not  be  injured.  The  radius  of  the  curve 
of  the  inner  edge  of  any  elbow  must  not  be  less  than  3%  in. 
Must  not  have  more  than  the  equivalent  of  four  quarter-bends 
from  outlet  to  outlet,  the  bends  at  the  outlets  not  being 
counted. 
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Finished  conduit  to  have  weight  per  hundred  feet  not  leas 
than  thai  given  in  Table  13. 

TABLE  13 

Dimensions  and  Weight  of  Conduits 

Trade  Size     Approx.  Inter.     Min.  Th'kness      Wt.  per  100  Ft 


Inches) 

Diameter 

of  wall 

(Pounds) 

(Inches) 

(Inches) 

% 

.62 

.100 

75 

% 

.82 

.105 

104 

1 

1.04 

.125 

152 

1% 

1.38 

.135 

209 

1% 

1.61 

.140 

250 

2 

2.06 

.150 

350 

2^ 

2.46 

.200 

535 

3 

3.06 

.210 

710 

MOLDINGS  FOR  ELECTRIC  CONDUCTORS 
Wooden  Moldings 
a.    Must  have,  both  outside  and  inside,  at  least  two  coats 
of  waterproof  material,  or  be  impregnated  with  a  moisture^ 
repellent 

L'.  Must  be  made  in  two  pieces,  a  backing  and  a  capping, 
and  must  afford  suitable  protection  from  abrasion.  Must  be 
so  constructed  as  to  thoroughly  encase  the  wire,  be  provided 
with  a  tongue  not  less  than  %  in.  in  thickness  between  the 
conductors,  and  have  exterior  walls  which  under  grooves 
shall  not  be  less  than  %  in.  in  thickness,  and  on  the  sides 
not  less  than  ^  in.  in  thickness. 

Metal  Moldings 

c.  Each  length  of  such  molding  must  have  marker's  name 
or  trade-mark  stamped  in  the  metal,  or  in  some  manner  per- 
manently attached  thereto,  in  order  that  it  may  be  readily 
identified  in  the  field. 

d.  Must  be  constructed  of  iron  or  steel  with  backing  at 
least  .05  in.  in  thickness,  and  with  capping  not  less  than  .04 
in.  in  thickness,  and  so  constructed  that  when  in  place  the 
raceway  will  be  entirely  closed;  must  be  thoroughly  galvan- 
ized, or  coated  with  an  approved  rust  preventive,  both  inside 
and  out,  to  prevent  oxidation. 

e.  Elbows,  couplings,  and  all  other  similar  fittings  mutt 
be  constructed  of  at  least  the  same  thickness  and  quality  of 
metal  as  the  molding  itself,  and  so  designed  that  they  will 
both  electrically,  and  mechanically  secure  the  different  sec* 
tlons  together. 
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TUBES  AND  BUSHINGS 
a*    Construction.     Must  be  made  straight  and  free  from 
checks  or  rough  projections,  with  ends  smooth  and  rounded 
to  facilitate  the  drawlng-ln  of  the  wire,  and  prevent  abrasion 
of  Its  covering. 

b.  Material  and  Test.  Must  be  made  of  non-combustible 
insulating  material,  which,  when  broken  and  submerged  for 
100  hours  in  pure  water  at  70**  F.  (21*  C.)  will  not  absorb 
over  %  of  1  per  cent  of  Its  weight 

c.  Marking.  Must  have  the  name.  Initials,  or  trade-mark 
of  the  manufacturer  stamped  In  the  ware,  so  that  inspectors 
may  know  who  Is  responsible  for  defective  fittings. 

d.  Sizes.  Dimensions  of  walls  and  heads  must  be  at  least 
as  great  as  those  given  in  Table  14. 

TABLE  14 
Dimensions  of  Walls  and  Heads  of  Tubes  and  Bushings 

Length 
dTSead 


External  ThicknesB  External 

of  Hole  Diazoeter  of  Wall  Diameter  of  Head 


dDehea)  (Indiea)  (LDohee)  (Indiee)  ,   (Inches) 

"     A H H ^...  H 


j} - 

H fl ft lA H 

»% M A lA M 


It 


H lA A 

1    lA A IH Vs 

iJi itt A 2A ^ 

IH 2A h 2H H 

IH 2A j| 3A Ji 

2_ 2tt jf 3A H 

2K 3A « 3H 1 

2H 3H 11 4A 1 

An  allowance  of  1-64  In.  for  variation  In  manufacturing 
will  be  permitted,  except  In  the  thickness  of  the  wall. 

CALCULATING  CURRENT  REQUIRED 

All  calculations  for  quantity  of  current  required  to  develop 
a  given  horse-power;  to  supply  a  certain  number  <jf  lumens, 
or  foot-candles,  per  sq.  ft.  of  surface,  or  cu.  ft.  of  volume; 
or  to  generate  a  given  number  of  heat  units,  are  based  upon 
the  kilowatt-hour. 

Examples — Fop  Power — 30-H.  P.  220-volt  motor? 
Allow  746  watts  per  horse-power: 
30X746 

Kllowatts= =22.38 

1,000 


W'^ 
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For  Light — One  hundred  55-watt  incandescent  lamps? 

100X55 

Kilowatts^ =5.5 

1,000 
For  Heat — One  kllowatt-liour=r3,440  heat  units 

=1%  horse-power. 

ELECTRIC   GAS  LIGHTING 

Electric  gas  lighting,  unless  it  is  of  the  same  frictional 
system,  must  not  be  used  on  the  same  fixture  with  the  el6^ 
trie  light 


^ 


Plastering 


Plasterer's  work  may  consist  of  either  interior  or  exterior 
plastering  on  wood  lath,  metal  lath,  patent  lath,  sheathing 
lath,  plaster-boards,  or  wall-boards,  or  directly  on  brick,  tile, 
stone,  or  concrete  walls  and  other  surfaces. 

In  order  to  produce  good  work,  the  surfaces  must  be 
rigid  and  capable  of  holding  the  plaster;  and  only  the  best 
of  materials,  put  on  in  a  careful  manner,  must  be  used. 

MATERIALS  USED 

The  common  materials  used  in  making  plaster  are  lime, 
Portland  cement,  natural  cement,  hydrated  lime,  patent  or 
hard  plasters,  plaster  of  Paris,  Keene's  cement,  pulp  and 
fiber  plasters,  hair  or  fiber,  sand,  and  water. 

MEASUREMENT  OF  PLASTER  WORK 

Details  in  the  measurement  of  plaster  work  vary  in  dif- 
ferent parts  of  the  country.  The  ordinary  unit  of  meas- 
urement on  plain  surfaces,  such  as  walls  and  ceilings,  is 
the  square  yard.  The  allowances  necessary  in  measuring 
surfaces  and  quantities  must  be  clearly  understood  for  a 
given  locality.  The  cost  will  vary  with  the  price  of  mate- 
rials and  labor,  and  also  with  the  number  of  coats  used  and 
the  type  of  finish. 

The  standard  rules  for  measurement  of  plastering,  adopted 
by  the  Employing  Plasterers'  Association  of  Chicago,  111.,  are 
as  follows: 

"Lath  and  plastering  to  be  measured  by  the  superficial 
yard,  from  floor  to  ceiling  for  walls,  and  from  wall  to  wall 
for  ceilings. 

"In  rooms  containing  one  or  more  horizontal  angles  be- 
tween the  floor  and  ceiling  line,  the  ceiling  to  be  measured 
from  wall  to  wall,  as  though  all  walls  were  vertical,  for 
contents  of  ceiling;  and  from  fiocr  to  highest  point  of  ceil- 
ing, for  height  of  walL 

"Openings  in  plastering  to  be  measured  between  grounds. 
No  deductions  to  be  made  for  openings  of  2  ft  or  less  in 
width.  One-half  of  contents  to  be  deducted  for  openings  2 
ft.  or  more  in  width.  The  contents  on  all  store  front  open- 
ings to  be  deducted,  and  the  contractor  to  be  allowed  1  ft. 
6  In.  for  each  Jamb  by  the  height. 

575 
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"All  beams  or  girders  projecting  below  ceiling  line  to 
have  one  foot  in  width  by  total  length  added  for  each  in- 
ternal and  external  angle. 

"Corner-Beads,  Arches,  etc.  All  comer  angles  of  more  or 
less  than  90  degrees,  beads,  quirks,  rule  Joints,  and  mold- 
ings, to  be  measured  by  the  linear  foot  on  their  longest 
extension,  and  one  foot  for  each  stop  or  miter. 

"Length  of  cornices  to  be  measured  on  walls.  Plain  em- 
nices  of  2  ft.  girth  or  less,  to  be  measured  on  walls  by  the 
linear  foot.  Plain  cornices  exceeding  2  ft.  girth  to  be  meas- 
ured by  the  superficial  foot.  Add  1  linear  foot  to  girth 
for  each  stop  or  miter.  Enriched  cornices  (cast  work),  by 
the  linear  foot  for  each  enrichment. 

"Arches,  corbels,  brackets,  rings,  center  pieces,  pilasters, 
columns,  capitals,  bases,  rosettes,  bosses,  pendants,  and 
niches,  by  the  piece.  Ceiling  or  frieze  plates  over  8  in.  wide, 
by  the  sq.  ft. 

"Columns  to  be  measured  by  the  linear  foot  for  plain 
plastered   columns. 

"Cement  wainscot  to  be  measured  by  the  sq.  ft.,  openings 
to  be  allowed  as  for  plain  plaster. 

"Grounds  for  various  classes  of  work  to  be  as  follows, 
unless  expressly  specified  to  the  contrary: 

Grounds  for  2-coat  lath  work %-1il 

Grounds  for  3-coat  lath  work 1-in. 

Grounds  for  3-coat  metal  lath  work %4sl 

Grounds    for    3-coat   metal    lath    work   on    H-in*    iron 

framing    1%-in. 

Grounds  for  3-coat  metal  lath  work  on  1-in.  iron  furring.  1%-ia. 

Groimds  for  hard  mortar  metal  lath  work %-in. 

Grounds  for  hard  mortar  metal  lath  work,  on  V^-in. 

iron    furring    l^-ln* 

Grounds  for  2-coat  work  on  brick  or  tile %-in. 

Grounds  for  hard  mortar  lath  work ^4n. 

Where  metal  lath  is  spoken  of,  it  applies  to  all  wire  or 
metal  lath. 

"In  accordance  with  agreements  between  the  Interna- 
tional Operative  Plasterers'  Union  and  the  American  Brother- 
hood of  Cement  Finishers,  it  is  agreed  that  plasterers  shall 
claim  and  do  all  exterior  and  interior  plastering,  whether  of 
stucco,  cement,  or  any  patent  material,  when  done  in  and  by 
the  usual  methods  of  plastering,  including  the  covering  of 
all  walls,  ceilings,  sofllts,  piers,  columns,  or  any  part  of  a 
construction  of  any  sort,  when  any  part  of  a  construction 
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is  covered  with  any  plastic  material  in  the  usual  methods  of 
plastering. 

*'In  accordance  with  agreements  between  the  International 
Operative  Plasterers'  Union  and  the  Ceramic,  Mosaic  & 
Encaustic  Tile  Layers'  and  Helpers'  International  Union,  it 
is  agreed  that  on  all  walls  and  ceilings  upon  which  a  founda* 
tion  or  base  coat  is  put  on  by  the  plasterers,  ample  room 
shall  be  allowed  for  a  final  coat  of  not  less  than  %-in.,  to  be 
put  on  by  th^tile  layers,  to  act  as  a  binder  and  regulator 
for  the  float  coat  upon  which  the  tile  is  placed. 

"It  is  also  agreed  that  the  plasterers  shall  use  only  sand 
and  cement  in  the  preparation  of  walls  for  the  work  as  above 
stipulated. 

"It  is  also  agreed  that  this  shall  not  interfere  with  the 
right  of  the  tile  layers  to  do  the  scratch  coating  on  small 
jobs  of  one  or  two  ordinary-sized  bathrooms.  No  scratch 
coating  shall  be  put  on  except  by  mechanics  of  either  trade. 

''Patching  of  plastering  after  other  mechanics  shall  not  be 
done  as  a  part  of  the  coi^tract  price." 

Other  rules  for  measurement  allow  one-half  the  area  of 
openings  for  ordinary  doors  and  windows,  while  some  make 
no  allowance  for  openings  of  less  than  7  sq.  yds.  Returns 
of  chimney-breasts  and  pilasters,  and  all  strips  less  than  12 
in.  wide,  are  measured  as  full  12  in. 

In  closets,  the  actual  measurements  are  increased  by  one- 
kalf ;  and  if  shelves  are  In  place  before  plastering,  the  actual 
measurement  is  doubled. 

For  soffits  of  stairs,  raking  ceilings,  or  places  difficult  to 
reach,  the  actual  measurements  are  increased  by  one-half. 

Round  comers  and  arrises  are  measured  by  the  linear 
foot 

Circular  or  elliptical  work  should  be  charged  at  double 
measurement. 

SUPPORTS  FOR   PLASTER 

Wooil  Lath.  The  best  wood  for  laths  is  white  pine,  al- 
though spruce  is  used  to  a  great  extent.  Yellow  pine  should 
not  be  used,  on  account  of  the  pitch  which  it  contains.  Half- 
green  laths  are  best  for  use,  although  dry  laths  may  be  wet 
before  using. 

Wood  laths  vary  in  dimensions;  but  the  common  size  is 
1^  in.  wide,  %  in.  thick,  and  4  ft.  long.  This  length  allows 
proper  nailing  to  studding  spaced  either  12  or  16  in.  on 
centers. 

In  nailing,  the  laths  should  have  a  nail  to  each  bearing, 
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and  often  two  nails  are  required  at  the  ends  of  each  latk 
In  ceiling  work,  five  nailings  to  a  lath  is  preferred. 

The  spacing  of  laths  for  ordinary  lime  mortar  should  be 
about  %-in.  in  the  clear,  and  about  ^-in.  for  patent  or  hard 
plasters.  Joints  in  lath  work  should  be  broken  about  eipery 
sixth  lath. 

When  laths  rest  on  a  bearing  surface  over  2  in.  in  widtb, 
strips  of  wood  should  be  placed  under  the  lath  so  as  to  allov 
a  space  for  keying  the  plaster. 

Wood  laths  are  sold  by  the  thousand,  in  bundles  usuallr 
containing  100  laths.  One  thousand  laths,  if  dry,  will  weigli 
about  500  pounds,  but  if  wet  or  green  will  weigh  about  double 
this  amount. 

Quantity  estimates  may  be  based  on  about  1.500  laths  of 
standard  size  for  each  100  sq.  yds.  of  surftice.  This  allows  for 
a  moderate  number  of  angles,  brackets,  etc.  Where  work  is 
divided  into  small  or  irregular  surfaces,  this  qmantity  may 
vary  considerably. 

A  good  lather  will  average  al»out  1,500  laths  per  8-hoar 
day;  but  this  quantity  may  vary  from  1,200  to  2.000.  depend- 
ing on  the  men  and  the  shape  of  the  surfaces  worked  on. 

About  10  pounds  of  threepenny  nails  will  be  required  for 
each  100  sq.  yds.  of  wood  lath. 

Plaster-Board.  Many  varieties  of  patented  wall-boards  are 
to  be  found  on  the  market.  These  boards  are  used  in  the 
place  of  wood  or  metal  lath,  and  are  of  service  as  a  fireproof 
covering  or  for  sound-deadening. 

Sizes  of  any  particular  board  may  be  obtained  from  the 
literature  of  the  manufacturer,  together  with  directions  for 
applying  same  to  walls.  A  common  size  for  plaster-board  is 
32  by  36  in.  Thicknesses  vary  from  ^  to  H  in.,  but  the 
standard  board  weighs  about  1^  pounds  per  sq.  ft. 

In  using  plaster-board,  the  grounds  will  vary  from  %4n. 
for  boards  %-in.  thick  to  not  less  than  %-in.  for  a  board 
%-in.  thick.  The  boards  are  nailed  directly  to  the  studding, 
furring  strips,  or  joists,  with  the  plastering  side  out  The 
center  qf  the  board  is  nailed  first,  and  the  edges  last  A 
space  of  ^-in.  is  left  between  boards,  and  each  edge  of  the 
board  must  have  a  bearing  on  the  nailing  piece  of  at  least 

In  applying  on  wood  studding  or  joists,  use  1^-in.,  11 H 
gauge,  7/16-in.  head,  smooth  wire  nails  set  4-in.  apart,  with 
each  nail  driven  in  firmly. 

On  ceilings  where  leveling  is  required,  %-in.  by  %Asl 
furring  strips  should  be  used,  set  on  8  or  12-in.  centers. 
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Boards  should  not  be  wet  before  applying  plaster. 

Metal  Lath.  There  are  many  kinds  of  metal  lath  on  the 
market,  varying  from  wire  lath  made  from  woven  wire  rein- 
forced with  rods  or  V-shaped  strips,  to  sheets  of  expanded 
sheet  steel  either  of  the  plain  type  or  of  the  ribbed  and  per- 
forated type.  The  sizes  of  rolls  and  sheets  of  these  materials 
vary  to  such  an  extent  that  it  is  necessary  to  consult  the  cata- 
logues of  the  manufacturers  in  order  to  determine  the  num- 
ber of  rolls  or  bundles  of  a  given  kind  of  material  needed. 

One  pound  of  %-in.  wire  «taples  will  fasten  on  about  10 
8q«  yds.  of  wire  or  metal  lath. 

Sheathing  Lath.  A  combination  of  wood  sheathing  and 
lath  is  often  used  for  holding  plaster.  This  lath  is  made 
by  special  machinery  from  pine,  hemlock,  cypress,  and  poplar 
in  4,  6,  and  8-in.  widths,  and  in  the  same  lengths  as  flooring. 
The  edges  are  either  tongued-and-grooved  or   square. 

The  face  of  the  lath  is  recessed  so  as  to  form  a  clinch 
for  plaster  applied  to  the  surface. 

Grounds  for  Plastering.  Groimds>for  ordinary  lime  plaster 
are  usually  \  to  %-in.  in  depth.  For  hard  wall  plaster, 
common  depths  are  %'in,  for  wood  lath;  ^  or  %-in.  for 
brick  or  tile;  %-in.  over  face  of  wire  or  metal  lath;  and 
%-in.  for  wall-board. 

Where  pulp  or  fiber  plaster*  is  used,  %-in.  should  be  al- 
lowed for  both  lath  and  plaster.  This  will  leave  ^-in.  for 
mortar  after  lath  is  on. 

It  is  always  good  policy  to  set  grounds  about  %-ln  nar- 
rower than  the  finished  work,  so  as  to  allow  for  the  thick* 
ness  of  the  finish  coat. 

PATENT  PLASTERS 

There  are  a  great  number  of  patent  or  hard  wall  plasters 
on  the  market,  sold  under  various  names.  The  composition 
of  these  plasters  is  nearly  the  same,  the  hardness  depending 
upon  the  proportion  of  plaster  of  Paris  or  prepared  gypsum 
used  in  their  manufacture.  These  plasters  give  good  satis- 
faction and  make  a  hard,  durable  job.  For  quick  work,  or  for 
use  in  cold  weather,  they  are  preferable  to  lime  plaster,  as 
they  will  set  and  harden  much  more  rapidly. 

When  any  of  the  hard  finishes  are  used,  the  plasterer 
will  generally  try  to  work  lime  putty  in  along  with  the  hard 
finish,  to  make  it  work  smoother  and  easier.  This  may  be 
permitted  to  the  extent  of  about  15  per  cent  lime  by  volume. 

The  covering  capacity   of    the    different   patent   plasters 
varies  from  90  to  150  sq.  yds.  per  ton  of  plaster.    In  esttmat- 
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lag  on  this  class  of  work,  it  is  advisable  to  follow  tbe  ooaii- 
titles  given  by  the  manufacturer  of  the  kind  of  plaster  tued 

TWO-COAT  PLASTER  WORK 

Two-coat  plastering — ^known  as  drawn  work— <»n8i8tB  of 
a  first  layer  of  plaster  containing  hair  or  fiber,  applied  as  a 
base  coat,  followed  immediately  with  a  brown  coat — ^these 
two  layers  constituting  in  reality  a  single  coat  A  finish  or 
skim  coat  is  applied  as  soon  as  the  2-layer  nnder-coat  has 
dried  out.  If  the  plaster  is  to  be  placed  on  brick  or  tile,  the 
base  coat,  or  first  layer  of  the  under  coat,  may  be  omitted, 
and  only  the  brown  and  finishing  coats  used. 

THREE-COAT    PLASTER   WORK 

Where  three-coat  dry  work  is  used,  each  coat  is  dried  oat 
before  the  following  coat  is  applied.  A  scratch  coatr  brown 
coat,  and  finish  coat  are  used. 

In  work  on  metal  latl^  the  first  coat  must  l>e  thin  so  as  to 
stick  and  form  a  good  surface,  and  also  so  that  it  may  be 
pushed  through  the  lath  to  form  a  good  key. 

PORTLAND  CEMENT  PLASTER 

For  methods,  quantities,  costs,  and  coloring  materials,  see 
page  340. 

LIME  PLASTERING 

Lime.  Lime  is  sold  in  most  of  the  Eastern  cities,  by  the 
barrel  weighing  200  pounds  net.  If  shipped  in  bulk,  it  is  gen- 
erally sold  by  the  bushel.  A  bushel  of  lime  is  figured  as  80 
pounds,  or  2^  bushels  to  the  barrel. 

A  barrel  of  the  best  lime  will  swell  ta  about  2  3/5  the 
bulk  of  the  unslaked  lime.  It  is  generally  estimated  that  a 
barrel  of  lime  will  make  about  8  cu.  ft.  or  20  pails  of  time 
paste  or  putty. 

Experience  has  shown  that  the  best  mortar  is  made  by 
mixing  1  part  lime  paste  to  2  parts  sand. 

Three-Coat  Work.  The  first  or  scratch  coat  is  made  up 
of  first-quality  lump  lime,  clean,  sharp  bank  sand,  and  the 
best  quality  of  clean,  long  cattle  hair,  mixed  In  the  propor- 
tion of  &V^  barrels  of  sand  and  1^  bushels  of  hair  to  each 
cask  or  200  pounds  of  lump  lime.  All  materials  are  stacked 
in  the  rough  for  at  least  7  days  before  using. 

The  second  or  brown  coat  Is  made  up  in  the  same  manner 
as  the  scratch  coat,  except  that  6%  barrels  of  sand  and  % 
bushel  of  hair  are  used  to  each  200  pounds  of  lime.     This 


PLASTERING  581 

second  coat  should  be  leveled  and  floated  so  as  to  be  true  at 
all  points. 

The  third  coat  may  be  either  a  white  or  putty  coat  or  sand 
finish.  If  a  white  coat  is  used,  it  is  made  up  of  lime  putty 
and  equal  parts  of  plaster  of  Paris  and  marble  dust,  or  lime 
putty  and  some  kind  of  hard  wall  plaster.  This  coat  is 
thoroughly  troweled  and  brushed  to  a  hard,  smooth  surface. 

Where  a  sand  finish  is  desired,  the  materials  consist  of 
lime  putty  and  clean,  washed  beach  sand,  floated  with  a 
wooden  or  cork-faced  float  to  an  even  surface.  The  surface 
finish  should  be  of  a  texture  similar  to  that  of  No.  1  sand- 
paper. 

A  skim  coat  is  often  used  as  a  finishing  coat  and  is  similar 
to  the  sand  finish  described  above,  except  that  the  surface  is 
finally,  gone  over  with  a  brush  and  small  trowel  until  the 
surface  becomes  hard  and  polished. 

Two-Coat  Work.  In  two-coat  work,  the  first  or  scratch 
coat  described  in  three-coat  work,  is  brought  nearly  to  the 
grounds,  and  carefully  straightened  to  receive  the  finishing 
coat 

The  finish  or  skim  coat  in  two-coat  work  is  made  up  of 
nearly  equal  parts  of  lime,  sand,  and  plaster  of  Paris. 

H  yd  rated  Lime.  Hydrated  lime  is  simply  pure  lime  in  a 
powdered  form — thoroughly  slaked  and  screened  when  ob- 
tained in  the  commercial  form.  It  is  handled  and  treated 
as  pure  lime.  In  the  preparation  of  putty  it  must  be  thor- 
oughly soaked  and  cured  for  12  to  24  hours,  the  same  as 
putty  made  from  lump  lime.  The  use  of  hydrated  lime  saves 
the  cost  and  labor  of  slaking  and  running  ofF  lump  lime. 

Keene's  Cement.  This  material  is  made  by  re-calcining 
plaster  of  Paris  after  soaking  it  in  a  solution  of  alum.  It 
is  used  in  work  on  wainscots,  caps,  bases,  and  also  as  a 
hard  finish. 

The  first  coat  is  made  up  of  1  part  cement,  1  part  lime 
paste,  and  3  parts   sand. 

The  second  coat  Is  made  up  of  1  part  cement,  1  part  lime 
paste,  and  4  parts  sand. 

For  first  coat  work,  1  ton  of  Keene's  cement  will  coat 
about  475  sq.  yds.  In  brown  coat  and  white  hard  finish,  1 
ton  will  cover  about  300  sq.  yds.  In  first  and  second  coat 
work,  1  ton  will  cover  about  350  sq.  yds. 

If  Keene's  cement  is  used  for  brown  coat,  and  Keene's 
finish  on  expanded  metal  lath,  100  sq.  yds.  of  surface  will 
require  550  pounds  of  cement,  5^  bushels  of  lime,  2  cu.  yds. 
of  sand,  and  2  bushels  of  hair  for  the  brown  coat,  with  300 
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pounds  of  cement  and  1  bushel  of  lime  for  the  flnlahlng  coat 

Lafarge  Cement.  Lafarge  cement  is  often  used  for  outside 
stucco  work.    It  should  be  mixed  as  follows: 

First  coat,  1  part  cement,  3  parts  sand,  25  per  cent  lime 
paste,  and  sufficient  hair. 

Second  coat.  1  part  cement,  2  parts  sand,  and  10  per  cent 
lime  paste. 

One  barrel  of  cement  and  3  barrels  of  sand  will  cover 
about  34  sq.  yds.  %-ln.  thick. 

One  barrel  of  cement  and  2  barrels  of  sand  will  cover 
about  25  sq.  yds.  %-in.  thick. 

Mixing  and  Estimating  Quantities  for  Plaster  Work 

For  scratcli  coat  work,  350  pounds  of  hydrated  lime  and  % 
cu.  yd.  of  screened  sand  should  cover  100  sq.  yds. 

For  second  coat,  200  pounds  of  hydrated  lime  and  H  cu. 
yd.  of  screened  sand  should  cover  100  sq.  yds. 

For  float  finish,  300  pounds  of  hydrated  lime  and  %  cu. 
yd.  of  screened  sand  should  cover  100  sq.  yds. 

For  stone  mortar,  add  200  pounds  of  hydrated  lime  to 
%  cu.  yd.  of  screened  sand. 

For  brick  mortar,  add  250  pounds  of  hydrated  lime  to 
%  cu.  yd.  of  screened  sand.  This  quantity  should  lay  from 
1,000  to  1.200  brick. 

For  cement  mortar,  use  100  pounds  of  Portland  cement 
150  pounds  of  hydrated  lime,  and  %  cu.  yd.^of  screened  sand. 

For  waterproofing  concrete  blocks,  15  to  20  per  cent  of 
hydrated  lime  based  on  the  weight  of  Portland  cement  used 
will  give  good  results  when  mixed  with  the  other  materials 
used. 

Piaster  Tabies.  Tables  1  to  10  show  the  estimator  the 
number  of  sq.  yds.  of  plaster  required  on  rooms  of  diCFerent 
sizes.  These  tables  cover  several  thousand  rooms  of  varied 
dimensions,  and  each  table  has  been  verified  and  can  be  relied 
upon  as  correct.  The  numbers  in  the  left-hand  column  and 
across  the  top  designate  the  width  and  length  of  the  room 
(in  feet),  while  the  height  of  ceiling  is  indicated  at  the  top 
of  the  various  tables.  The  number  of  sq.  yds.  indicated,  of 
course.  Includes  only  side  walls  and  ceilings,  not  the  floor 
surface. 

These  tables  are  reproduced  by  permission  from  the  Rod 
Book  of  the  United  States  Gypsum  Co.,  Chicago,  111. 

Example:  To  obtain  the  number  of  sq.  yds.  In  a  room 
12x15x7  ft  Turn  to  the  table  giving  measurement  of  rooms 
with  7-ft.  ceilings;  follow  down  the  column  of  figures  on  the 
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left  until  you  come  to  12,  then  follow  the  figures  to  the  right 
until  you  come  to  the  figures  directly  under  the  figure  15  at 
the  top  of  the  page;  the  answer  is  62  sq.  yds.  When  the 
half-foot  comes  in  the  dimensions  of  a  room,  both  ways,  take 
the  next  largest  number  on  one  side.  When  it  comes  on  one 
side  only,  add  one  yard,  and  it  will  be  close. 

Quantities  of  Materials  for  Piaster  Worlc.  For  100  sq.  yds. 
of  3-coat  lime  plaster  work  on  wood  iath,  allow  10  bushels 
of  lime,  42  cu.  ft  of  sand,  15  poxmds  of  hair,  and  100  pounds 
of  plaster  of  Paris. 

For  scratch  and  brown  coat  only,  omit  the  plaster  of 
Paris,  and  deduct  2  bushels  of  lime. 

For  sand  finish  on  scratch  and  brown  coat,  omit  the 
plaster  of  Paris,. and  add  14  cu.  ft.  of  sand. 

For  2^oat  work  on  brick,  stone,  or  terra-cotta  walis* 
deduct  2  bushels  of  lime,  and  use  100  pounds  of  plaster  of 
Paris. 

In  white  coat  work,  90  pounds  of  lime,  50  pounds  of 
plaster  of  Paris,  and  50  pounds  of  marble  dust  will  be  needed 
for  each  100  sq.  yds. 

In  skim  coat  work,  1  barrel  of  lime,  1  barrel  plaster  of 
Paris,  and  1  barrel  sand  will  cover  about  140  sq.  yds. 

Hard  wall  plasters  vary  from  90  to  150  sq.  yds.  per  ton 
of  plaster. 

Pulp  or  fiber  plaster  vary  from  130  to  170  sq.  yds.  per  ton 
of  plaster. 

Cattle  hair  comes  in  bags  containing  one  bushel  of  loose 
material,  and  weighing  6  or  7  pounds. 

Two-coat  drawn  work  requires  about  1,000  pounds  of  hard 
wall  plaster  and  finish,  and  2  yards  of  sand,  for  each  100 
sq.  yds. 

Three-coat  dry  work  requires  about  1,600  pounds  of  plaster 
and  finish,  and  about  2%  cu.  yds.  of  sand  for  each  100 
sq.  yds. 

Three-coat  work  on  metal  lath  requires  about  2,200  pounds 
of  plaster  and  finish,  and  about  3  cu.  yds.  of  sand  for  each 
100  sq.  yds. 

For  Portland  cement  quantities,  see  page  345. 

Labor  Costa  In  Plaster  Work*  In  2-coat  work,  two  plaster- 
era  and  one  laborer  will  require  about  12  hours  for  100 
sq.  yds.,  while  18  hours  will  be  needed  for  the  same  number 
of  men  on  3-coat  work. 

Allow  about  6  hours  of  time  for  a  laborer  in  fixing  up  the 
mortar  beds  and  preparing  mortar. 
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For  ordinary  cornice  work,  allow  about  40  linear  feet 
per  man  per  8-hour  day. 

In  outside  work  with  Portland  cement  plaster,  1  man  and 
1  helper  will  cover  about  50  sq.  yds.  of  2-coat  work  In  an 
8-hour  day. 

Pebble-dash  work  costs  about  double  the  price  of  ordi- 
nary work. 

One  plasterer  and  helper  will  do  any  of  the  following 
work  in  an  8-hour  day: 

Put  on  75  sq.  yds.  of  one-coat  finished  work,  using  %-in. 
grounds. 

Put  on  1^0  sq.  yds.  of  second  coating. 

Put  on  100  sq.  yds.  of  hard  finish. 


Paintiiig  and  Decorating 

Paint  is  a  mixture  made  from  finely  divided  solid  sub- 
stances, held  in  suspension  in  a  liquid  wtiich  is  termed  the 
vehicle,  and  capable  of  being  spread  upon  the  surface  to 
which  it  is  to  be  applied,  by  means  of  a  brush  or  spraying 
apparatus.  The  different  solids  which  are  used  in  paint 
making  are  termed  pigments.  They  do  not  become  paint 
until  they  are  mixed  with  the  thinner  vehicle;  thus  white 
lead,  zinc  white,  ocher,  Prussian  blue,  and  Venetian  red  are 
all  pigments,  but  they  do  not  become  paint  until  they  have 
been  mixed  with  linseed  oil,  turpentine,  or  other  vehicle. 

Paint  may  either  be  mixed  by  the  painter  himself,  or 
it  may  be  obtained  already  mixed  in  two  different  forms — 
in  one  as  a  tinted  paste  to  which  the  painter  adds  thin- 
ners, as  his  judgment  dictates;  or  in  the  other,  already 
thinned  and  prepared  for  immediate  application.  The  latter 
are  known  as  mixed  paints,  or  ready-mixed. 

Ingredients  of  Paint.  The  principal  white  base  pigments 
are  white  lead  and  zinc  white.  Besides  these  there  are  sev- 
eral white  pigments  which  are  variously  regarded  as  Inert 
pigments,  or  as  extenders.  Among  these  are  barytes,  whit- 
ing, and  gypsum. 

White  lead,  one  of  the  oldest  known  pigments,  is  the 
hydrated  carbonate  of  lead,  and  is  of  varying  composition, 
no  absolute  formula  being  recognized.  White  lead  unites 
with  linseed  oil  to  form  an  inelastic,  insoluble  lead  soap, 
and  this  property  gives  it  one  of  its  greatest  values  as  a 
pigment. 

Sublimed  white  lead,  which  is  used  to  a  considerable  ex- 
tent in  mixed  paint  making,  is  not  the  true  white  lead,  but 
is  a  lead  sulphate  that  is  white  in  color  and  is  produced 
by  a  fire  process. 

Zinc  white,  or  oxide  of  zinc,  is  made  by  blowing  a  current 
of  air  through  molten  zinc.  It  is  free  from  the  poisonous 
qualities  which  render  white  lead  objectionable  for  an  indoor 
paint,  and  is  not  acted  on  by  sulphur  or  gases  which  darken 
white  lead.  Zinc  white  spreads  much  more  rapidly  than 
white  lead,  but  does  not  cover  so  well,  so  that  it  will  require 
four  coats  or  even  more  of  zinc  white  to  hide  a  surface  as 
well  as  three  coats  of  white  lead.  It  is  very  seldom  used 
alone  on  exterior  work,  but  almost  invariably  in  combination 
with  lead  or  some  other  white  basa 
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Barytes,  or  sulphate  of  barium,  is  a  native  rock»  which  is 
very  finely  ground  and  is  used  as  an  inert  extender  of  painL 
It  has  no  affinity  for  linseed  oil,  and  absolutely  no  covering 
power.  Four  coats  of  barytes  mixed  with  linseed  oil  will  not 
hide  a  surface  to  which  it  is  applied,  and  the  film  is  prac- 
tically transparent.  The  same  is  true  of  silica,  which  is  an- 
other so-called  "inert  pigment" 

Whiting  (pulverized  chalk,  calcium  carbonate)  is  ligfato' 
in  weight  than  barytes,  and  possesses  a  decided  affinity  for  lin- 
seed oil.  Mixed  with  oil  in  a  paste  form,  it  becomes  putty. 
It  has  very  little  covering  power  in  itself. 

Linseed  oil,  the  oil  expressed  from  the  seed  of  the  flax, 
is  remarkable  from  the  fact  that  it  unites  with  oxygen  to 
dry  to  a  waterproof  film.  It  is  this  fact,  that  it  is  a  drying 
oil,  that  gives  It  its  great  value  in  paint.  Linseed  oil  Is 
adulterated  wtih  various  mineral  oils,  rosin  oil,  com  oil.  and 
fish  oil.    The  first  named  are  the  most  common  adulterants. 

Turpentine  is  the  distilled  sap  of  the  long-leafed  pine.  It 
is  used  to  make  paint  more  fluid,  and  hence  to  make  it  spread 
easier.  It  dries  by  evaporation,  leaving  a  slight,  gummy 
residue.  Owing  to  its  price  it  is  likely  to  be  adulterated 
with  the  lighter  mineral  oils. 

Benzine,  a  petroleum  distillate,  is  also  used  for  diluting 
paint,   and   dries  by  evaporation   without   residue. 

Driers  are  oxidizing  agents  introduced  into  paiPt  to  pro- 
mote rapidity  of  drying.  They  are  usually  salts  of  lead  or 
salts  of  manganese.  In  this  country  they  are  ordinarily 
found  in  liquid  form;  but  in  England,  paste  driers  are  usually 
employed. 

Kinds  of  Paint  Mixtures.  Mixtures  of  color  are  of  three 
kinds,  and  may  be  termed  oil,  flatting,  and  distemper.  The 
first  is  bright  and  glossy;  the  second  is  perfectly  fiat  or  dead 
(without  gloss);  and  the  third  is  like  the  second  in  effect, 
but  without  its  durability. 

The  chief  body  in  oil  and  flatting  color  is  white  lead; 
but  in  distemper  or  water-color,  whiting  is  substituted. 

The  three  ordinary  vehicles  in  mixing  are  oil  for  oil  color, 
turpentine  for  flatting,  and  water  for  distemper.  In  addition 
to  these  for  insuring  the  drying  of  the  mixtures,  patent 
drier  is  used  in  oil  color,  japanner's  gold-size  and  vamish  in 
flatting,  and  glue  size  in  distemper. 

It  would  probably  not  be  denied  by  anyone  that  a  better 
paint  can  be  made  in  a  well-equipped  factory  than  by  any 
individual  at  home  or  in  a  small  shop.  Many  ready-mixed 
paints  are  of  the  very  best  quality,  but  many  are  of  poor 
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quality,  made  of  cheap  materials,  and  at  the  same  time 
are  sold  with  extravagant  claims  and  at  high  prices.  A 
yery  good  rule  to  follow  in  purchasing  mixed  paints  is  to 
bay  nothing  which  does  not  bear  the  name  ^  of  the  manu- 
facturer. If  the  manufacturer's  name  does  not  appear  on  the 
label,  this  is  very  good  presumptive  evidence  that  he  is 
not  particularly  proud  of  his  product. 

The  most  expensive  paints  are  generally  white  paints 
or  very  light  tints.  The  reason  for  this  is  that  there  are 
comparatively  few  white  pigments  which  have  covering  power 
— ^that  is,  the  property  of  hiding  the  surface  of  the  ma^ 
terial  painted.  Samples  of  dry  white  lead  and  of  dry  whit- 
ing look  much  alike.  Both  are  white  powders,  and  a  thin 
layer  of  each  appears  to  be  practically  opaque.  If,  however, 
the  two  pigments  are  mixed  in  oil,  the  whiting  is  quite 
transparent,  while  the  white  lead  is  opaque.  All  of  the 
cheaper  white  pigments  are  more  or  less  transparent  in  oil, 
and  are  therefore  deficient  in  covering  power.  White  lead, 
zinc  white,  sublimed  white  lead,  zinc  lead,  and  lithopone  are 
practically  the  only  white  pigments  which  have  good  cover- 
ing power  in  oil.  These  pigments  are  all  rather  expensive, 
and  as  they  are  heavy,  it  takes  quite  a  large  amount  to  make 
a  paint. 

Of  the  dark  shades,  there  are  a  number  of  cheaper  pig- 
ments which  have  very  good  covering  power.  It  may  be 
quite  safely  stated  that  for  a  white  paint  that  really  covers, 
some  one  or  more  of  the  white  pigments  just  enumerated 
must  be  used.  For  a  dark  brown,  however,  a  good  cover- 
ing can  be  obtained  with  an  iron  oxide  pigment,  which  is 
yery  much  cheaper.  Therefore,  for  such  paints  there  is  no 
reason  for  using  an  expensive  lead  or  zinc  pigment. 

COST  OF  WHITE    PAINTS 

The  United  States  Department  of  Agriculture  has  pub- 
lished data  throwing  some  useful  light  on  the  subject  of  the 
cost  of  paints: 

"A  vehicle  for  outside  paint  of  the  best  quality  will  gen- 
erally consist  of  from  90  to  96  per  cent  of  linseed  oil,  and 
from  10  to  6  per  cent  of  Japan  drier.  A  good  japan  drier  has 
about  the  same  specific  gravity  as  linseed  oil,  and  each  may 
be  considered  to  weigh  about  7%  pounds  to  the  gallon.  Of 
course,  the  prices  of  all  paint  materials  vary;  but  at  the 
present  time  linseed  oil  sells  for  approximately  90  cents  a 
gallon,  and  a  good  grade  of  Japan  can  be  bought  for  $1.60. 
In  making  up  paints,  the  drier  should  be  mixed  with  the 
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larger  portion  of  the  oil  before  adding  the  pigment  Using 
the  prices  and  weights  just  given  for  linseed  oil  and  japan 
drier,  the  liquid  portion  of  a  paint  will  cost  about  95  cents 
a  gallon,  or  12^  cents  a  pound.  White  lead,  both  dry  and 
in  the  form  of  paste,  costs  approximately  7  cents  a  pound, 
zinc  white  approximately  8  cents  a  pound,  and  the  other 
white  pigments  which  cover  well  will  not  diCTer  very  much 
from  these  two  in  price.  A  gallon  of  white  lead  paint  will 
weigh  from  21  to  22  pounds.  Fourteen  pounds  of  dry  white 
lead  and  7%  pounds  of  vehicle  will  make  a  gallon  of  paint; 
and  at  the  prices  quoted,  the  cost  would  be  about  $1.87; 
15  pounds  of  paste  lead  and  6%  pounds  of  vehicle  will  make 
&  gallon  of  paint,  costing  $1.82;  9^^  pounds  of  white  zinc 
and  5%  pounds  of  the  paint  vehicle  will  make  a  gallon  of  zinc 
white   paint,   costing  about  $1.46. 

"Of  course,  these  prices  are  based  on  an  assumed  cost 
for  the  ingredients,  and  to  make  an  exact  estimate  it  would 
be  necessary  to  know  the  exact  prices  of  the  different  mate- 
rials entering  into  the  paint.  Many  painters  insist  that  a 
paint  composed  entirely  of  white  lead,  linseed  oil,  and  drier 
is  the  best.  Others  contend  that  a  mixture  of  white  lead  and 
zinc  white  is  the  best;  and  still  others  say  that  a  mixture 
of  these  pigments  with  the  cheaper  white  pigments  which 
have  slight  covering  power  makes  a  better  paint  than  the 
expensive  pigments  alone.  It  is  probably  true  that  a  mix> 
ture  of  lead  and  zinc  is  superior  to  either  pigment  by  itself; 
and  also  that  the  addition  of  a  small  amount  of  so^alled 
inert  pigments  (silica,  whiting,  barytes.  china-clay,  etc.)  has 
no  injurious  effect  on  the  paint,  and  may  even  be  beneficial. 
The  addition  of  a  large  amount,  however,  of  such  pigments 
will  give  a  paint  deficient  in  covering  power,  and  the  addi- 
^  tion  should  have  the  effect  of  cheapening  the  product.  There 
is  no  reason  why  any  mixed  paint  should  cost  per  gallon 
more  than  a  paint  made  entirely  of  white  lead,  oil,  and  the 
necessary  drier.  By  ascertaining  the  market  price  of  white 
lead  and  linseed  oil,  the  buyer  should  be  able  to  calculate 
the  maximum  price  for  a  mixed  paint 

COST  OF  COLORED  PAINTS 

"Tinted*  paints,  at  least  those  of  light  tint,  consist  prac- 
tically of  white  paint,  with  the  addition  of  a  small  amount 
of  coloring  matter.  The  coloring  materials  used  in  tinting 
are  not  uniform,  and  it  is  not  possible,  therefore,  to  give 
exact  directions  for  producing  a  particular  shade,  since  the 
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amount  of  color  used  will  depend  upon  the  indlyldual  char- 
acteristics of  the  particular  lot  on  hand. 

"In  Tahle  1  is  given  the  composition  of  several  tinted 
paints,  and  also  of  bright  red,  bright  green,  and  black.  The 
composition  of  individual  lots  of  paint  of  any  of  these  tints 
or  colors  might  vary  considerably  from  that  given,  and 
the  table  is  only  illustrative  of  the  materials  from  which 
these  different  kinds  of  paints  may  be  made. 

"An  estimate  of  the  cost  of  the  raw  material^  entering 
into  the  different  formulae  is  also  included.  The  total  cost 
per  gallon  does  not  make  any  allowance  for  labor  or  for  con- 
tainers, but  is  based  solely  upon  the  cost  of  the  raw  mate- 
rials, assuming  that  white  lead  and  sublimed  white  lead  cost 
7  cents  a  pound,  white  zinc  8  cents,  and  the  other  white 
pigments  (barium  sulphate,  china-clay,  whiting,  and  asbes* 
tine)  1  cent  a  pound.  The  price  of  the  coloring  material 
is  given  separately  for  each  paint.  These  prices  for  the  raw 
materials  are  a  fair  approximation  of  the  retail  price  at  the 
present  time. 

"In  calculating  the  cost  of  paints  per  gallon,  it  is  assumed 

TABLE  1 
Composition  and  Cost  of  Tinted  and  Colored  Paints 


Date. 

Tints. 

GokmdpatDta 

Omj. 

Bn«. 

Tallow. 

Drab. 

Bfaii. 

Brown. 

Bad. 

Qnm. 

Btodr. 

43.4 

43.0 

25.0 

4L0 

AO 

49iO 
12.0 
94.0 

87.0 

34. 0 

.66.0 

Whit*  toad 

ZiBcwhiM. 

21.0 
27.0 
2.0 
A.0 

2L0 
29.0 

21.0 

Vo 

4.0 

4.0 

2.0 

....  .•• 

...    .■ 

CbliUHiay.nr. 

6.0 

5.0 

25.0 

«.o 



Orountfiiate.*.'  '.'.'.I'.'.V.V. 





ILO 

"'"26.'0 

A»beitUie. 

LO 
.• 
86.6 
(') 

14.7 

!:S 

OiOS 
.OU 

.Ml 

lo 

6.0 
67.0 
0) 

14.8 
8.44 
6.96 

0.04 
.060 

:I5 

L36 

LO 
ILO* 
At.0 
P) 

14.1 
778 
6. 84 

aos 

.086 

.612 

.777 
1.29 

1.0 
6.0 

50.0 

(•) 

15.2 
8.97 
6.23 

aos 

.065 
.583 

1.0 
1.0 

57.0 

(») 

14.8 
8.44 

6.36 

0l30 
.070 

.591 
.779 
1.37 

LO 
9.0 

5L0 

(•) 

13.4 
6.83 
6.57 

aos 

.066 

.451 
.80S 
L36 

Color 

6.0 

11.6 
4.99 
6.61 

.514 
.810 
L38 

i7.6 
06.0 
(•) 

16.4 
ia82 
6.58 

a  19 
.056 

.606 
.664 
L29 

ii 

Total  pignuBt 

--^^rr^- 

lao 

vSHSf:::;::::::;;:;;: 

Total V.V.V.. 

>  Bone  black;  tusoao  red;  ulttunarlne  bloa. 
■Uviberandodier. 

•  Odden  ocher. 
«Ocher  and  boM  black. 

•  PTMrian  blue. 

•  Bone  black;  vnwtian  nd;  dmma  jdtow. 
'Para-ied. 

' !  Jy^'^^h*  dmnw  yaOoIr,  ooaalxtb  Pmalaa  MMb 
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that  the  vehicle  In  all  cases  Is  the  same  as  that  abore  de- 
scribed, and  It  Is  valued  at  12^  cents  a  pound. 

"An  inspection  of  the  table  shows  that  there  is  comifiu^ 
tlvely  little  difference  in  the  cost  of  the  materials  entering 
into  these  paints,  with  the  exception  of  black  paint,  which 
is  considerably  cheaper  than  any  of  the  others.  The  red 
paint  is  colored  by  an  expensive  color,  para  red,  costing  7S 
cents  a  pound;  the  rest  of  the  pigment,  however,  is  cheap; 
and  it  will  be  noticed  that  the  paint  weighs  only  11.6  pounds 
per  gallon,  whereas  some  of  the  others  weigh  much  more. 

,"For  dark  shades  of  brown  or  red,  there  is  probably  noth- 
ing which  is  as  cheap  as  the  oxide  of  iron  pigments.  These 
vary  very  much  in  shade,  giving  both  browns  and  dull  reds. 
A  pigment«rthat  gives  a  very  satisfactory  reddish  brown  and 
contains  about  40  per  cent  of  iron  oxide,  makes  a  satis^ 
factory  paint  containing  approximately  56  per  cent  pigment 
and  44  per  cent  vehicle,  the  vehicle  being  very  much  the 
same  as  that  used  in  a  flrst-class  white  paint  Such  a  paint 
will  weigh  about  13.5  pounds  to  the  gallon,  which,  therefore, 
will  contain  7.56  pounds  of  pigment  and  5.94  pounds  of 
vehicle.  This  pigment  is  cheap,  generally  costing  not  more 
than  1  or  1%  cents  per  pound.  The  pigment  in  a  gallon  of 
this  paint,  therefore,  would  cost  approximately  10  cents, 
and  the  5.94  pounds  of  vehicle  about  73  cents,  giving  a  cost 
of  83  cents  for  the  gallon  of  paint 

"An  inspection  of  these  figures  shows  that  the  expensive 
part  of  this  paint  is  the  vehicle  and  not  the  pigment  A 
paint  of  this  character  is  a  very  good  material  to  apply  either 
to  wood  or  iron.  There  are  more  expensive  paints,  how- 
ever, frequently  used  on  iron  to  protect  it  from  rusting,  the 
most  popular  being  red  lead  and  linseed  oil.  This  material 
undoubtedly  affords  very  good  protection,  but  it  is  also  ex- 
pensive. A  red-lead  paint  cannot  be  made  and  kept  as  most 
other  paints  can.  The  red  lead  Itself  causes  the  oil  to  dry. 
and  no  additional  drier  is  necessary.  In  fact,  red  lead  should 
not  be  mixed  until  Just  before  it  is  used.  A  paint  made 
of  70  per  cent  of  red  lead  and  30  per  cent  of  linseed  oil 
will  weigh  about  19.8  pounds  to  the  gallon.  A  gallon  of 
paint,  therefore,  will  contain  13.86  poimds  of  red  lead,  which 
costs  about  8  cents  a  pound,  making  the  cost  of  the  pig- 
ment in  a  gallon  of  this  paint  approximately  $1.11.  The  30 
per  cent  of  linseed  oil  will  weigh  5.94  pounds,  and  a  gallon 
of  linseed  oil  7.75  pounds,  costing  about  90  cents  at  the 
present  time,  or  11.5  cents  a  pound.  The  oil  in  the  paint 
will   cost   then,   about   68   cents,   and  a  gallon   of  red-laad 
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paint  would  cost  $1.79,  as  compared  with  83  cents  for  a 
gallon  of  oxide  of  iron  paint  These  two  paints  will  cover 
about  the  same  area  of  clean  iron;  and,  while  somewhat 
better  service  might  be  expected  from  the  red-lead  paint, 
it  is  more  than  twice  as  expensive  as  the  iron-oxide  pro- 
ducts." 

MATERIALS  FOR  OUTSIDE  PAINTING 

A  good  mixed  paint  should  be  composed,  in  the  main,  of 
white  lead,  zinc  white,  and  the  necessary  coloring  matter, 
thinned  with  pure  raw  linseed  oil  of  good  quality,  with  the 
addition  of  such  pure  turpentine  and  driers  as  may  be  nec- 
essary. The  best  quality  mixed  paints  always  bear  the  name 
of  some  reputable  paint  manufacturer.  The  best  thing  to 
do,  in  selecting  a  mixed  paint,  is  to  look  carefully  at  houses 
that  have  been  painted  with  it  for  several  years,  and  note 
whether  the  paint  is  scaling  oft  in  blotches  or  is  cracking 
and  peeling  badly.  If  a  paint  has  been  found  to  give  good 
service,  it  is  then  safe  to  use  it 

Some  mixed  paint  manufacturers  make  special  paint  for 
priming.  This  is  often  an  inferior  grade  of  ocher,  which  is 
objectionable  because  it  has  a  tendency  to  throw  oft  the 
subsequent  coats  of  paint  While  the  regular  mixed  paints 
may  be  used  for  a  priming  coat  on  new  wood  by  adding  from 
one-half  to  an  equal  volume  of  pure  raw  linseed  oil,  as  a  rul^ 
it  would  be  very  much  better  tp  prime  with  pure  white  lead 
and  linseed  oil,  using  the  mixed  paint  on  the  second  and 
third  coats.  If  the  mixed  paint  is  found  to  be  too  thick, 
pure  raw  linseed  oil  should  be  used  for  priming.  Boiled  oil 
should  not  be  used. 

Pure  white  lead  can  be  readily  used  for  the  priming  coat, 
as  it  needs  no  special  knowledge  of  color  mixing  to  prepare 
it  For  100  pounds  of  white  lead  in  oil,  it  would  be  neces- 
sary to  use  4  gallons  of  raw  linseed  oil,  half  a  gallon  of  pure 
turpentine,  and  one  pint  best  liquid  driers  to  thin  it.  A 
25-pound  keg  would  require  one-fourth  of  these  quantities, 
and  would  make  about  2^  gallons  of  paint.  In  breaking 
up  and  thinning  down  the  lead,  it  should  first  be  put  into 
a  keg  or  tub  large  enough  to  contain  the  lead  and  all  the 
thinners.  The  driers  should  be  mixed  in  with  the  oil,  and 
the  oil  added  gradually  to  the  lead  paste,  stirring  and  work- 
ing it  up  thoroughly  by  means  of  a  wooden  paddle.  After 
the  lead  and  oil^  have  been  thoroughly  incorporated,  the 
turpentine  should  be  added.  The  addition  of  a  very  little 
lampblack'  in  oil,  say  not  over  a  half  to  one  pound  to  100 
pounds  of  white  lead,  will  tint  the  priming  a  light  lead 
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color,  and  aid  in  covering  up  any  discolorations  in  the  wood 
due  to  sap  or  weather  stains.  After  the  lead  and  oil  have 
been  mixed  as  above  directed,  the  paint  should  be  strained 
through  a  fine  wire  sieve,  to  remove  any  skins  or  lamps. 
The  paint  should  be  mixed  the  day  before  using,  if  possible; 
and  should  the  house  be  a  large  one,  requiring  a  good  deal 
of  paint,  it  is  well  to  mix  only  half  the  quantity  required. 
This  will  avoid  any  loss  from  the  paint  skinning  over,  if  bad 
weather  comes  up  to  delay  the  work  when  partly  completed. 

Before  the  work  is  primed,  all  knots  and  sappy  places 
should  be  coated  with  strong  orange  shellac  varnish. 

After  the  work  has  been  primed,  all  nail  holes  and  cracks 
should  be  thoroughly  puttied  up  with  pure  whiting  and  lin- 
seed  oil  putty.  This  should  be  well  worked  in  with  a  putty 
knife,  and  any  excess  of  putty  scraped  off  the  surface  td 
prevent  a  lump.  Pure  putty  is  difficult  to  obtain,  but  it  can 
be  bought.  It  will  cost  probably  three  cents  or  more  a 
pound,  but  is  far  superior  in  every  way  to  the  cheaper  grades 
that  can  be  bought  for  as  low  as  1V&  cents. 

Although  the  autumn  is  usually  considered  to  be  the  beat 
season  of  the  year  for  painting,  because  the  paint  dries 
slower  than  in  summer  time  and  the  sun  is  not  sufficiently 
hot  to  cause  blisters,  good  painting  can  be  done  at  any  time 
of  year,  provided  due  care  is  used. 

What  Not  to  Do.  The  following  precautions  must  be  em- 
ployed at  any  season:  No  painting  should  be  done  on  a 
damp  surface;  and  if  there  has  been  rain,  dew,  or  frost, 
work  should  not  be  begun  until  the  sun  has  thoroughly  dried 
off  all  moisture.  If  the  air  is  dry,  and  the  surface  to  be 
painted  Is  dry,  a  very  good  job  can  be  done  in  very  cold 
weather.  Ample  time  must  be  allowed  between  coats  for  the 
under  coats  to  be  thoroughly  dry.  At  least  48  hours,  and 
preferably  a  week,  should  be  given. 

In  using  mixed  paints  in  cold  weather,  it  is  well  to  add 
half  a  gallon  of  turpentine  to  five  gallons  of  mixed  paint 
on  the  first  coat,  and  one  quart  of  turpentine  to  five  gallons 
of  paint  on  the  last  coat.  If  necessary,  a  small  quantity  of 
best  liquid  drier  may  be  added;  but,  as  a  rule,  mixed  paints 
contain  enough  drier  to  make  this  unnecessary.  The  paint 
requires  to  be  brushed  out  thoroughly  in  cold  weather. 

Best  Brushes  to  Use.  The  best  brush  to  use  for  outside 
painting  is  the  "6-0"  (six-naught)  round  or  oval  brush — also 
known  as  the  "pound  brush" — ^for  the  body  color,  and  the 
"6-0"  brush  for  the  trimming  colors.     Two  "sash  tools"  are 
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also  needed,  one  for  the  trim  color  and  one  for  the  sash 
color. 

The  6-0  brush  Is  recommended  because  it  is  the  only 
shaped  brush  which  has  sufiElcient  elasticity  to  thoroughly 
brush  the  paint  out  into  a  very  thin  film.  It  is  impossible, 
with  a  flat  brush,  to  get  into  the  comers  as  well  as  with  a 
round  brush,  nor  can  the  color  be  rubbed  out  so  thoroughly.  | 

Good  brushes  are  an  expensive  item  in  painting,  and  it  ! 

is  economy  to  buy  none  but  the  best.     Brushes  made  from  I 

white  bristles  command  a  somewhat  higher  price  than  those 
made  from  gray  or  black  bristles  of  the  same  quality,  al- 
though there  is  no  reason  why  the  darker  brushes  should  not 
be  just  as  good.  A  round  brush  made  with  a  hollow  center 
Is  more  elastic  than  one  made  with  a  solid  center,  and  is 
therefore  preferable.  The  bristles  are  set  in  cement,  and 
are  firmly  bound  by  being  wrapped  with  wire  in  the  round 
brushes,  or  being  enclosed  in  metal  in  the  fiat  brushes. 

Brushes  of  excellent  quality  are  made  in  which  the  bris- 
tles are  set  In  rubber  and  then  bound  in  a  hard  rubber  fer- 
rule. These  are  somewhat  more  expensive  than  the  ordinary 
brushes,  but  are  supposed  to  wear  longer. 

Besides  the  brushes  already  mentioned,  the  painter  wants 
a  "duster,"  which  is  used  for  removing  any  surface  dust  or 
loose  dirt  from  the  wood  before  painting. 

The  wall  brush  is  generally  used  just  as  it  is  made,  while 
the  round  brush  is  usually  "bridled"  or  bound  with  twine, 
or  with  a  metal  or  patent  bridle,  which  serves  to  shorten 
the  working  length  of  the  bristles  and  make  them  more 
elastic. 

Covering  Knots.  It  is  essential  for  the  durability  of  the 
paint,  that  all  knots  or  sappy  places  in  the  wood  shall  be 
coated  with  some  material  which  will  seal  up  the  resinous 
matter  within  the  wood  and  prevent  it  from  causing  blisters 
or  otherwise  destroying  the  paint.  The  best  material  known 
for  the  purpose  is  pure  orange  shellac.  This  is  better  than 
bleached  shellac,  since  the  latter  has  lost  much  of  its 
strength  owing  to  the  chemicals  employed  in  bleaching.  A 
wood  alcohol  shellac,  although  inferior  to  one  made  by  dis- 
solving the  shellac  in  grain  alcohol,  is  good  enough  for  cov- 
ering these  knots  and  sappy  places.  It  Is  the  practice  of 
some  painters  to  shellac  knots  before  priming,  but  other  ex- 
perienced painters  maintain  that  better  results  are  obtained 
by  priming  first.  ' 

Use  of  Thin  Coats.  Paints  should  always  be  applied  In 
thin  coats  welt  brushed  out.    No  greater  mistake  can  be  made 
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than  the  use  of  heavy  coats  of  paint,  although  it  is  the  cos- 
torn  of  many  architects  to  specify  "good,  heavy  coats.* 
Heavy  coats  almost  invariahly  cause  blistering  or  wrinkling 
of  the  paint  skin,  and  will  not  last  as  long  as  thinner  coals. 
The  old  practice  of  making  the  priming  coat  thin,  and  then 
following  it  up  with  two  or  more  coats  of  paint  mixed  mod- 
erately stout  and  well  brushed  out  till  they  were  thin  on  the 
surface,  largely  accounted  for  the  durability  of  the  painting 
of  a  generation  ago.  Three  thin  coats  of  paint  will  give  56 
per  cent  more  wear  than  two  heavy  coats,  although  less  ma- 
terial is  used  in  the  three  coats. 

Thickness  of  a  Coat  of  Paint.  A  gallon  of  paint  mixed  to 
a  proper  brushing  consistency  and  well  brushed  out  will 
cover  at  least  600  sq.  ft,  and  will  make  a  film  2/1,000  in. 
thick.  To  get  a  more  correct  idea  of  how  thick  this  would  b^ 
note  that  a  newspaper  sheet  is  about  3/1,000  in.  thick.  There- 
fore, a  coat  of  paint  is  only  %  as  thick  as  a  sheet  of  news- 
paper. If  there  is  an  excess  of  oil  in  the  lead,  it  will  spread 
over  much  more  than  600  sq.  ft,  giving  a  much  thinner  film 
and  less  pigment  to  protect  the  oil  than  if  the  paint  had 
been  properly  mixed. 

Using  Putty.  All  cracks  and  nail-holes  must  be  thor- 
oughly filled  with  putty,  in  order  to  make  a  firm  and  solid 
foundation  for  the  subsequent  coats  of  paint  This  putty- 
ing is  usually  done  after  the  priming,  but  some  painters  pre- 
fer to  putty  before  priming.  The  putty  should  be  made  from 
the  best  grade  of  bolted  whiting,  mixed  with  pure  raw  lin- 
seed oil.  Very  little  pure  putty  is  sold  commercially,  and 
much  trouble  results  from  the  use  of  putty  made  from  mar- 
ble dust  and  kerosene  or  containing  these  materials.  The 
saving  effected  on  a  house  by  the  use  of  cheap  putty  is  so 
slight  that  the  pure  should  always  be  insisted  on. 

VARNISHES 

Kind  of  Varnishes.  Varnishes  are  of  two  classes — oil 
varnishes  and  spirit  varnishes.  The  first  are  made  from 
certain  resins  known  in  the  trade  as  "varnish  gums"  (al- 
though, strictly  speaking,  they  are  not  gums)  and  linseed 
oil,  and  thinned  with  spirits  of  turpentine.  (Cheaper  grades 
of  varnish  are  made  from  ordinary  "rosin"  (the  resin  of  the 
long-leafed  pine),  and  are  sometimes  thinned  with  benilne 
Within  recent  years  considerable  tung  or  i^ina  wood  oil  has 
been  used  in  the  manufacture  of  certain  grades  of  vamisb. 
Oil  varnishes  dry  or  harden  by  the  chemical  change  of  the 
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linseed  oil  contained  In  them  to  form  linoxyn  by  combining 
with  the  oxygen  of  the  air. 

Spirit  Tarnishes  are  made  by  dissolving  the  resin  or  other 
substance  (resins  are  chiefly  used)  in  a  volatile  liquid,  such 
as  alcohol  or  spirits  of  turpentine.  When  a  varnish  of  this 
kind  is  spread  over  any  surface,  it  dries  or  hardens  by  the 
evaporation  of  the  volatile  liquid,  and  the  resin  is  then  left 
spread  over  the  surface  in  a  thin  film,  the  liquid  simply  hav- 
ing served  as  a  mechanical  means  for  spreading. 

Preparation  of  Wood  Surface  for  Varnishing 
In  very  many  cases  where  complaints  are  made  of  the 
poor  work  done  by  the  finishers  or  the  poor  results  obtained 
from  the  use  of  a  certain  varnish,  the  cause  will  be  found  to 
lie  in  the  unfavorable  conditions  under  which  the  work  has 
been  done.  Often,  before  the  carpenters,  plumbers,  or  plas- 
terers have  finished  their  work,  the  painter  is  urged  to  rush 
the  work  as  fast  as  possible.  The  air  is  full  of  dust;  the 
building  is  seldom  heated,  and  the  temperature  is  allowed  to 
fall  at  night;  the  second  coat  of  varnish  follows  as  soon  as 
the  first  is  "set,"  and  before  it  has  a  chance  to  become  thor- 
oughly dry.  The  carpenters  seldom  leave  the  woodwork  in 
good  condition  for  the  painter.  He  finds  it  far  from  smooth, 
requiring  both  scraping  and  sandpapering,  marred  by  pencil 
marks,  dented  by  misdirected  blows  from  the  hammer,  greasy 
from  the  fingers  of  plumbers  and  others,  etc. 

To  do  a  first-class  job  of  hardwood  finishing,  all  the  other 
work  should  be  completed  before  the  room  is  turned  over 
to  the  finishers.  The  rooms  should  then  be  thoroughly 
swept  out,  and  the  fioors  sponged  ofF  or  wiped  ofF  with  a 
damp  cloth  and  allowed  to  become  perfectly  dry.  The  sash 
should  be  fitted  and  in  place,  and  the  doors  hung;  and  both 
doors  and  windows  should  be  closed  to  prevent  draughts. 
An  even  temperature  of  about  70°  should  be  maintained 
night  and  day.  Wherever  possible,  doors  should  be  taken 
from  their  hinges  and  laid  fiat  on  a  pair  of  trestles  while 
varnishing.  In  order  to  fiow  a  more  even  coat.  The  door 
openings,  in  this  ease,  can  be  closed  with  light  frames  cov- 
ered with  building  paper  or  cloth  to  prevent  dust  and  cold 
air  coming  into  the  room.  Unless  these  precautions  are 
taken,  and  unless  ample  time  is  given,  a  first-class  job  of 
hardwood  finishing  is  impossible. 

It  must  be  remembered  that  there  is  an  important  dif- 
ference between  painting  and  varnishing.  Whereas  paint 
should  be  applied  in  a  thin  coat,  thoroughly  brushed  out  with 
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a  rather  stiff  bristle  brush  in  order  to  work  it  into  the  pores 
of  the  wood,  varnish  should  be  flowed  on  in  a  heavy  ooai, 
and,  when  applied,  should  be  allowed  to  level  itself  out.  The 
luster  and  beauty  of  the  varnish  depend  largely  upon  the 
depth  or  thickness  of  the  film,  and  it  naturally  follows  that 
a  heavier  coating  can  be  applied  to  a  level  surface  than  apoa 
a  vertical  one.  Very  few  varnishes  will  stand  crossing,  hot 
they  should  De  applied  in  parallel  strokes  with  the  grain  (A 
the  wood,  using  a  wide,  chisel-edged  camel's  hair  or  elastic 
bristle  varnish  brush.  There  is  no  economy  In  using  any 
but  the  very  best  brushes  that  can  be  bought. 

In  preparing  the  surface,  all  pencil  marks  must  be  cleaned 
off.  Greasy  stains  should  be  removed;  ammonia  is  exceUent 
for  this,  but  it  requires  subsequent  washing  oflT,  and, 
since  it  can  be  used  only  on  such  woods  as  do  not 
contain  tannic  acid,  as  it  darkens  oak,  mahogany,  etc,  ga80> 
line  or  naphtha  is  probably  more  generally  aatlafactonr. 
Hammer  dents  in  the  surface  can  sometimes  be  obliterated 
by  soaking  well  with  water  and  holding  a  heated  flatiran*ln 
front  of  the  dented  spot  All  plane  marks  must  be  carefully 
obliterated  by  means  of  steel  scrapers,  and  finally  the  wood 
must  be  made  perfectly  smooth  by  means  of  sandpaper  or 
steel  wool.  Extra  care  must  be  taken  in  doing  this  to  avoid 
rounding  off  the  edges  of  moldings  and  other  sharp  comera 
Finally,  every  particle  of  fine  sand  and  wood  dust  must  be 
carefully  dusted  off,  and  the  surface  left  perfectly  smooth 
and  clean. 

If  the  wood  is  an  open-grained  wood,  it  will  need  to  be 
filled  with  a  paste  filler.  If  the  wood  is  to  be  stained,  the 
filler  should  be  colored  the  appropriate  tone.  The  staining  is 
usually  done  before  the  wood  la  filled. 

After  the  paste  filler  has  been  applied  and  become  dry. 
a  thin  coat  of  shellac  should  be  given  to  the  whole  surface 
in  order  to  produce  a  smooth,  non-porous  surf^u^  Shellac 
being  expensive,  a  liquid  filler  is  often  substituted;  and  In 
this  case  care  should  be  taken  to  select  one  of  good  quality, 
made  with  a  pigment  base  and  a  good  varnish,  and  thinned 
with  turpentine.  There  is  so  much  adulterated  shellac  on  the 
market  to-day,  cut  with  wood  alcohol,  that  many  finishers 
now  prefer  to  start  at  once  with  the  varnish  coata  Inntfiad 
of  using  a  shellac  or  liquid  filler  surfacer.  In  any  case  where 
there  is  danger  of  moisture  penetrating  through  the  wood 
from  behind,  shellac  should  be  avoided.  Under  no  dream- 
stances  should  oil  be  used  as  a  primer. 

After  the  work  has  been  filled,  all  naU-hoIea,  cracks*  or 
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Other  defects  should  be  puttied  up.  This  is  a  matter  requir- 
ing the  most  careful  Judgment.  All  wood  darkens  in  time; 
and  if  the  putty  is  tinted  to  match  the  new  woodworls,  in 
the  course  of  ^ve  or  six  months  every  nail-head  and  every 
crack  will  show  out  against  the  darker  ground.  It  is  best 
to  make  the  putty  three  or  four  shades  darker  than  the  wood 
at  the  start. 

Finishing   Floors 

The  first  thing  necessary  in  order  to  obtain  a  good  Job 
of  floor  finishing,  is  to  get  a  perfectly  smooth  surface.  Until 
recently  the  only  way  to  do  this  was  the  tedious,  ^ack- 
breaklng  method  of  planing  and  bcraping,  the  latter  being 
done  usually  with  the  edge  of  a  freshly  cut  piece  of  glass. 
When  the  cutting  edge  wears  down,  a  fresh  piece  must  be 
taken.  Sandpaper,  bent  over  a  flat  wooden  block,  is  also 
used  to  cut  down  any  roughnesses  or  raised  grain.  Steel 
wool  is  preferable  for  this  purpose,  on  account  of  the  greater 
rapidity  with  which  it  cuts.  While  this  method  is  still  very 
generally  practiced,  modem  invention  has  come  to  the  aid 
of  the  floor  finisher  and  has  produced  a  planing  machine  or 
surfacer  that  is  pushed  across  the  floor  like  a  lawn  mower. 

The  first  operation  is  filling  the  wood.  Oak  and  other 
open-grained  woods  require  filling  with  a  paste  filler;  and 
while  many  painters  laugh  at  the  idea  of  a  paste  filler  upon 
such  woods  as  yellow  pine  and  maple,  experienced  floor  fin- 
ishers say  that  a  better  Job  can  be  done  by  using  paste  filler 
as  a  surfacer.  The  method  of  using  is  to  apply  the  filler  to 
a  strip,  say  six  or  eight  boards  wide,  running  the  entire 
length  of  the  room.  Use  a  short,  stiff  brush,  and  apply 
across  the  grain.  By  tbe  time  this  strip  has  been  completed, 
the  filler  will  probably  have  set  sufficiently  to  rub.  It  must 
not  be  rubbed  before  setting,  or  it  will  be  rubbed  off  the 
wood;  nor  must  it  be  allowed  to  set  too  hard,  or  It  will  be 
impossible  to  rub  it  at  all  or  even  to  scrape  off  the  filler. 
Wlien  the  strip  has  set  Just  enough,  it  must  be  rubbed  well 
into  the  grain  of  the  wood  with  burlap,  always  rubbing  across 
the  grain  of  the  wood.  After  the  filler  has  been  thoroughly 
nibbed,  any  surplus  material  must  be  carefully  wiped  off 
with  a  soft  rag.  Before  anything  further  can  be  done,  the 
filler  must  be  given  time  to  dry — ^not  less  than  24  hours,  and 
preferably  two  days. 

If  the  natural  color  of  the  floor  boards  is  not  satisfactory 
they  should  be  stained  before  filling,  and  the  filler  should  be 
colored  with  pigment  ground  in  oil  to  bring  it  to  the  same 
(^olor  tone. 
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If  there  are  cracks  or  nail-holes  in  the  floor,  they  mast 
next  be  filled,  in  order  to  make  a  smooth  and  perfectly  uni- 
form surface.  This  filling  may  be  done  by  using  a  pore 
whiting  and  linseed  oil  putty,  tinted  to  match  the  floor 
boards;  or  it  may  be  done  better  with  a  whiting  and  white 
lead  putty  made  by  mixing  one  part  of  white  lead  in  oil  with 
two  or  three  parts  of  bolted  whiting  and  enough  co«ch  var- 
nish to  make  a  stlfF  paste.  This  putty  will  resist  moisture; 
and,  when  dry  and  hard,  it  may  be  sandpapered  or  rubbed. 
For  large  cracks,  an  excellent  unshrinkable  putty  can  be 
made  by  soaking  blotting  paper  in  boiling'  water  until  it 
forms  a  pulp,  then  mixing  it  with  glue  dissolved  in  water. 
To  this,  bolted  whiting  is  added  in  sufficient  quantities  to 
make  a  fairly  stifF  paste,  and  thoroughly  kneaded.  This 
paste  must  be  pressed  into  the  cracks  and  smoothed  oft  with 
a  putty  knife. 

For  those  who  do  not  care  to  make  their  own  putty,  there 
are  excellent  prepared  crack-fillers  on  the  market 

Wax  Finishing.  By  far  the  best  material  for  finishing 
hardwood  floors  is  wax,  although  this  involves  a  little  more 
trouble  to  keep  in  good  condition.  It  gives  a  smooth,  satinr 
luster,  without  the  glaring  efPect  of  new  varnish,  and  is  not 
marred  by  heel-prints  such  as  varnish  is  subject  to.  Whea 
wax  grows  dim,  it  can  readily  be  polished  again. 

Some  painters  advocate  the  application  of  the  wax  directly 
upon  the  paste  filler,  but  the  best  practice  is  first  to  give 
one  or  two  thin  coats  of  pure  shellac'  varnish.  Where  a 
slight  darkening  of  the  tone  of  the  wood  is  no  objection, 
orange  or  brown  shellac  is  preferable  to  the  bleached,  aince 
it  is  stronger.  Shellac  should  be  cut  with  grain  alcohol,  and 
not  with  wood  alcohol.  It  is  especially  adapted  where  a 
hard  and  quick-drying  undercoat  is  required.  On  a  close- 
grained  wood  where  a  paste  filler  has  not  been  used,  either 
a  thin  coat  of  a  first-class  liquid  filler,  or  a  coat  of  one  part 
of  linseed  oil  to  which  from  five  to  ten  parts  of  turpentine 
have  been  added,  should  be  given  before  appljring  the  shel- 
lac. Unless  there  is  an  undercoating  of  some  kind,  it  is  very 
diificult  to  apply  the  shellac  so  that  it  does  not  show  Iap&. 
Even  then  It  requires  skill  and  rapidity  of  work.  In  shel- 
lacking a  floor,  the  plan  of  following  down  a  space  one  or 
iwo  boards  wide  should  always  be  followed.  The  shellac 
coat  should  be  put  on  before  the  oil  or  liquid  filler  c€»at  is 
absolutely  dry. 

After  shellac  has  become  dry,  the  wax,  in  paste  fbrm. 
is  applied  with  a  rag  or  a  brush,  and,  after  a  short  time.  Is 
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brought  to  a  polish  by  means  of  a  weighted  brush  or  by 
rubbing  with  a  cloth.  Only  a  very  thin  coat  of  wax  is  neces- 
sary, a  very  little  more  being  occasionally  added. 

Quite  a  large  number  of  specially  prepared  floor-polish- 
ing waxes  are  on  the  market,  and  care  should  be  taken  to 
select  a  material  of  this  kind  that  will  give  a  hard  polish 
and  will  not  remain  soft  and  sticky.  It  was  the  softness  of 
the  old-fashioned  beeswax  and  turpentine  that  caused  the  al- 
most endless  labor  needed  to  keep  floors  in  perfect  condition. 
Modem  wax  finishes  are  made  by  combining  beeswax  or 
parafflne  with  some  of  the  fossil  waxes,  or  from  the  latter 
alone,  giving  a  much  harder  surface.  In  general,  the  wax 
which  has  the  highest  melting  point  Is  best  for  the  manufac- 
ture of*  floor  waxes,  because  it  is  the  hardest  after  applicar 
tion.  Camauba  wax  has  a  high  melting  point  (185"  F.), 
and  may  be  used  alone  as  a  floor  wax  by  melting  it  in  a 
suitable  kettle  and  thinning  It  with  spirits  of  turpentine  so 
that  in  cooling  it  has  the  consistency  of  soft  tallow.  In  this, 
condition  it  can  be  applied  with  a  large  brush. 

Two  coats  of  wax  on  a  new  floor  are  better  than  one — 
the  first  coat  being  required  to  fill  up,  and  the  second  to 
give  luster — ^although,  if  sufficient  polish  is  obtained  by  the 
first  coat,  the  second  will  be  found  unnecessary. 

The  preparation  of  wax  finish  is  attended  with  so  much 
risk  from  fire  that'  it  should  be  undertaken  only  over  a  water 
bath.  Even  then  it  is  wiser  for  the  ordinary  painter  to  buy 
the  prepared  wax  than  to  undertake  to  make  it 

Varnish  Finish.  A  large  number  of  floor  varnishes  are 
on  the  market.  These  varnishes,  as  a  rule,  are  designed  to 
harden  over  night.  The  surface  should  be  prepared  In  the 
same  way  as  for  wax  flnlsh;  and  after  the  filler  is  bone  dry, 
two  or  more  coats  of  varnish  should  be  applied.  If  desired, 
the  varnish  may  be  rubbed  to  a  dead  surface  with  pumice 
stone  and  kerosene.  Practically  every  varnish  will  show 
heel  marks,  and  will  mar  white  by  use.  When  the  surface 
becomes  worn,  the  old  varnish  requires  to  be  either  scraped 
oft  or  removed  with  a  varnish  remover  before  a  new  coat  of 
varnish  can  be  applied,  while  with  a  wax  all  that  is  neces- 
sary to  restore  the  surface  to  a  good  condition  is  to  apply 
a  little  more  wax  and  use  the  polishing  brush. 

When  a  waxed  fioor  gets  dirty  and  shabby,  it  can  be 
cleaned  down  to  the  shellac  with  turpentine,  and  rewaxed 
at  a  small  cost.  It  Is  well  to  give  a  special  caution  against 
using  a  wax  finish  over  a  varnish  coating,  since  the  wax  will 
soften  up  the  varnish  and  cause  trouble. 
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Oil  Finish.  A  very  satisfactory  finish  for  rooms  that  have 
hard  wear,  such  as  schoolrooms,  stores,  and  rooms  in  pabUe 
buildings,  is  first  to  fill  the  floors,  and  then  give  them  two 
thin  coats  of  shellac,  finally  applying  a  very  thin  coat  of 
paraffine  oil  or  of  a  rubbing  and  polisiiing  oil  with  a  brash 
or  a  rag,  and  thoroughly  wiping  off  any  surplus  remaining 
on  the  surface.  This  oiling  should  be  repeated  every  few 
days,  according  to  the  amount  of  wear  that  the  floor  gets. 
This  same  treatment  is  specially  adapted  for  kitchen  floors, 
dining  rooms,  and  other  floors  in  private  houses  that  are 
subject  to  hard  wear.  It  is  also  well  adapted  to  the  cheaper 
floors,  such  as  yellow  pine  or  spruce.  If  mud  has  been 
tracked  on  the  floor,  it  should  flrst  be  mopped  up  with  wat^, 
and  this  should  be  allowed  to  dry  before  oiling.  One  ad- 
vantage of  the  oiled  floor  is  that  it  is  ready  for  use  as  soon 
as  the  oiling  is  flnlshed.  This  same  method  of  oiling  can 
be  used  over  a  varnished  floor,  and  will  preserve  it  from 
marring. 

Besides  parafiine  oil,  crude  petroleum  may  be  used,  or 
any  of  the  so-called  polishing  oils  or  furniture  polish^. 
Such  oils  can  be  made  from  machine  oil  or  sweet  oil  and  oU 
of  lemon. 

Painted  Floors.    A  floor  flnish  not  in  such  general  nae  as 
it  deserves  is  the  painted  floor.     Paint  has  the  advantage 
of  hiding  inferior  floor  boards  and  being  cheap.     There  are 
a  number  of  special  floor  paints  on  the  market  for  use  on 
kitchen  floors  and  other  rooms  having  a  good  deal  of  wear. 
These  paints  are  made  so  as  to  dry  over  night,  and   as  a 
rule  are  fairly  satisfactory.    However,  there  are  many  rooms 
of  a  better  class  for  which  these  cheaper  mixed  paints  are 
unsatisfactory.    For  these  rooms,  the  floors  should  be  primed 
with  pure  white  lead  and  linseed  oil,  tinted  with  a    small 
percentage  of  lampblack  (not  over  2  per  cent),  and  followed 
by  two  coats  of  paint  of  the  desired  color.     The  last   coat 
should  be  mixed  with  turpentine  to  dry  flat;  and  when  It  is 
thoroughly  dry,  the  floor  may  be  given  two  coats  of    good 
floor  varnish.    This  will  give  a  floor  that  can  be  kept  in  good 
condition  for  a  long  time  by  aid  of  the  floor  oil  described 
above.     Instead   of  flnishing  with  a  varnish  coat,   the    last 
coat  of  paint  may  be  left  in  full  gloss,  provided  it  can   be 
given  ample  time  for  drying,  say  at  least  a  week.    This  wfU 
give  an  excellent  floor  so  far  as  durability  is  concerned,  but 
it  will  not  have  as  good  an  appearance  as  a  painted    and 
varnished  floor. 

A  painted  floor  can  be  made  quite  ornamental  by    the 
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use  of  a  stenciled  border,  which  should  be  put  on  before  the 
varnish  coats.  The  most  appropriate  designs  are  those  which 
resemble  mosaic  work  in  their  effects,  or  interlacing  strap- 
work.  When  the  colors  are  properly  chosen,  care  being  taken 
to  avoid  glaring  contrasts,  a  painted  and  stenciled  floor  is 
fully  as  effective  as  a  hardwood  floor;  and  it  possesses  one 
distinct  advantage  in  that  it  can  be  adapted  to  any  decora- 
live  color  scheme  desired  for  the  room. 

A  floor  that  is  grained,  especially  one  grained  in  oak,  has 
one  of  the  most  durable  finishes  that  can  be  given,  requiring 
very  little  attention  other  than  wiping  up  with  a  damp  cloth 
or  mop.  If  well  done,  it  is  fully  as  effective  as  a  hardwood 
floor. 

For  figuring  cost  of  floor  finishing,  see  date  given  below 
under  head  of  "Estimating  Cost  of  Painting." 

8TAIN8 

The  principal  varieties  of  stains'  are  oii  stains,  water 
•tainsy  alcolioi  or  spirit  stains,  acid  and  alkali  stains,  pig- 
ment or  wiped  stains,  wood  dyes,  and  the  fuming  process. 
The  color  of  open-grained  woods,  like  oak,  ash,  chestnut,  etc., 
may  be  modified  by  coloring  the  paste  filler  by  adding  some 
pigment  to  it  In  addition  to  the  above  methods  of  staining, 
all  of  which  are  used  by  the  painter  and  hardwood  finisher, 
there  are  large  quantities  of  stains  sold  that  are  intended 
principally  for  the  use  of  the  amateur  who  wants  to  stain 
and  finish  in  one  operation  and  who  does  not  possess  the 
mechanical  skill  or  technical  knowledge  needed  to  use  a  true 
stain.  There  are  two  classes  of  stains  of  this  kind.  The 
first,  known  as  "varnish  stains,"  consist  of  varnish  mixed 
with  some  dry  pigment  ground  in  it  These  varnish  stains 
require  constant  stirring  while  using,  to  prevent  the  pigment 
from  settling  'out  or  the  color  from  running  streaky.  Such 
stains  are  suitable  only  for  household  work,  touching  up 
chairs  and  the  like  that  have  become  disfigured  and  rubbed, 
or  finishing  some  small  article,  and  are  entirely  unsuitable 
for  finishing  the  woodwork  of  a  new  house. 

Another  class  of  single-operation  stains  and  varnishes, 
consists  of  varnish  that  has  been  colored  with  aniline  dyes. 
These  have  the  advantage  of  being  uniform  in  color,  since 
there  is  no  pigment  to  settle  out;  but  as  all  aniline  colors 
are  more  or  less  fugitive,  it  is  likely  that  these  newvamlsh 
stains  would  fade  more  or  less  on  exposure  to  strong  light 
Their  greatest  disadvantage  is  that  they  dry  so  quickly  that 
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it  is  difficult  to  avoid  showing  laps  when  used  on  broad  ear- 
faces  like  door  panels. 

SHINGLE  8TAIN8 

A  good  shingle  stain  may  be  made  by  using  pore  white 
lead  (in  oll)»  strong  chrome  green  (in  oil),  raw  umber,  and" 
a  little  lampblack,  mixed  until  the  desired  shade  is  reached, 
thinning  with  boiled  linseed  oil  and  a  little  Japan.  To  1 
quart  of  this  paint,  add,  for  dipping  purposes,  6  quarts  creo- 
sote oil;  and  for  application  with  the  brush,  mix  1  quart  oi 
the  oil  paint  and  3  quarts  of  creosote  oil.  A  common  esti- 
mate is  that  3^- gallons  of  stain  will  be  sufficient  for  1,000 
shingles,  dipping  two-thirds  of  the  shingle. 

Covering  Capacity  of  Shingle  Stains.  The  following  esti- 
mate of  covering  capacity  of  shingle  stain  is  based  on  the 
average  cedar  shingle,  size  4  by  16  in. 

One  gallon  of  stain  will  cover  150  sq.  ft  one  brush  coat 
or  100  sq.  ft  two  brush  coats. 

Two  and  one-half  to  3%  gallons  of  stain  will  dip  1,000 
shingles.    Two-thirds  of  length  of  shingle  to  be  dipped. 

Three  gallons  of  stain  will  dip  and  brush-coat  1,000  shin- 
gles  in  some  cases. 

The  covering  capacity  of  creosote  bleaching  oil  is  about 
one-fifth  less  than  the  above  figures. 

FILLERS 

Fillers  for  use  in  painting  or  finishing  woods  consist  of 
liquid  and  paste  types. 

Liquid  fillers  are  sometimes  used  as  first  coats  on  close- 
grained  woods  where  cheapness  is  desired  and  where  shel- 
lac is  considered  too  expensive.  These  fillers  are  not  in- 
tended for  use  on  open-grained  woods,  as  they  are  not  fill- 
ers in  the  strict  sense  of  the  word.  They  are  merely  In- 
tended for  use  as  a  first  coat,  and  will  not  fill  the  grain  of 
such  woods  as  oak,  ash,  chestnut  etc.  This  type  of  filler 
should  not  be  used  for  first  coats  in  finishing  floors  or  on 
fine  natural  wood  finisliing. 

The  covering  capacity  of  liquid  fillers  varies  from  250 
to  400  sq.  ft  per  gallon. 

Paste  fillers  vary  in  consistency  according  to  the  kind 
of  wood  to  be  filled,  the  more  open-grained  woods  requiring 
the  filler  to  be  heavier  in  body  than  the  close-grained  woods 
For  instance,  walnut  and  mahogany  are  open-grained  wood  5. 
but  are  not  nearly  so  open-grained  as  ash,  oak,  or  chestnut: 
therefore  the  filler  used  on  walnut  or  mahogany  need  not  be 
so  heavy  as  that  for  the  other  kinds  of  wood  named. 
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The  following  rule  for  reducing  paste  fillers  Is  often  used: 
For  oak»  chestnut,  ash,  and  other  very  coarsegrained  woods, 
use  7  to  9  pounds  of  filler  to  the  gallon.  For  walnut,  mahog- 
any, httttemut,  and  other  similar  grained  woods,  a  mixture 
of  6  pounds  of  paste  filler  to  the  gallon  may  he  used. 

The  covering  capacity  of  paste  filler  reduced  for  use  Is 
about  300  SQ.  ft.  to  the  gallon  on  work  In  which  there  is  no 
waste. 

PAINTING   CONCRETE 

The  amount  of  surface  covered  by  a  gallon  of  oil  paint 
on  concrete  depends  upon  the  degree  of  porosity  of  the 
concrete  and  the  character  of  the  paint  used.  As  a  rou^h 
approximation  for  ordinary  smooth  concrete  walls  made  from 
a  fairly  rich  mixture  of  materials,  it  may  be  estimated  that 
one  gidlon  of  paint  will  cover  about  250  sq.  ft.  for  the  first 
coat;  500  sq.  ft.  for  the  second  coat;  and  650  sq.  ft  for 
the  third  coat. 

PAINTING   TIN 

In  painting  sheet  tin,  scrape  ott  all  resin  that  may  adhere 
to  Joints,  and  then  thoroughly  wash  the  surface  with  ben- 
zine, so  as  to  remove  all  grease  and  dirt.  Then  apply  red 
lead  and  linseed  oil  paint  for  the  first  coat.  White  lead  and 
ocher  should  never  be  used. 

Quantities  necessary  for  painting  tin  roofs  may  be  found 
by  the  use  of  Table  2. 

PAINTING  GALVANIZED  IRON 
There  is  generally  much  difficulty  experienced  in  getting 
paint  to  adhere  firmly  to  galvanized  iron;  and  various  ex- 
periments are  tried  to  overcome  the  trouble.  The  United 
States  Government  has  adopted  a  plan  that  seems  to  be  sat- 
isfactory. The  specifications  compel  the  use  of  vinegar  for 
washing  surfaces  preparatory  to  painting.  This  roughmis 
or  corrodes  the  surface,  and  gives  the  paint  better  adhesion. 
Quantities  of  materials  needed  for  a  given  surface  may 
be  ^ound  from  Table  2. 

LIQUID  BRONZE 

A  bronze  paint  thinned  with  turpentine  or  benzine,  and 
containing  a  little  varnish  as  a  binder,  will  cover  about  800 
sq.  ft  per  gallon. 

If  "banana  liquid*'  is  used,  the  covering  capacity  will  be 
about  700  sq.  ft  per  gallon. 

"Where  bronze  powder  is  used,  one  ounce  of  powder  will 
cover  about  25  sq.  ft  of  surface. 
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The  above  quantities  are  for  surface  of  avei^e  smootb- 
ness. 

Finishing  Radiators.  One  of  the  most  durable  finishes 
for  radiators  and  steam  pipes  that  are  exposed  to  great  beat 
Is  aluminum  bronze,  mixed  to  a  consistency  of  paint  in  the 
so-called  "banana  liquid."  This  is  a  solution  of  celluloid  in 
amyl  acetate,  and  is  very  explosive  if  brought  in  contact  with 
fire;  hence  it  should  never  be  used  in  a  room  lit  by  gas  or 
lamps,  or  in  which  a  fire  may  be  burning.  It  has  a  very 
peculiar  and  pungent  odor  which  is  disagreeable  to  man^ 
people,  but  which  passes  ofF  within  a  day  or  two.  Bronxes 
thinned  with  this  medium  hold  their  color  well,  and  stand 
exposure  to  the  weather.  It  may  be  used  with  gold,  copper, 
and  colored  bronzes,  as  well  as  with  aluminum;  but  the 
latter  is  the  most  durable,  especially  when  subjected  to  great 
heat,  as  in  the  case  of  radiators,  besides  presenting  a  very 
pleasing  appearance. 

For  painted  radiators  and  steam  pipes,  zinc  white  should 
be  used  as  the  base,  and  it  should  be  colored  with  some  pig- 
ment not  easily  affected  by  the  heat.  For  a  light  bufP,  Italian 
sienna  may  be  used,  lightened,  if  desired,  with  permanent 
yellow  (zinc  yellow).  For  other  tints,  such  colors  as  ultra- 
marine blue,  drop  black,  burnt  sienna,  red  oxide  or  Tuscan 
red,  Indian  red,  yellow  ocher,  chrome  red,  or  madder  lak? 
may  be  used;  but  on  no  account  should  chrome  yellow, 
chrome  green,  Prussian  blue,  or  other  colors  affected  by  heat 
be  selected.  The  zinc  white  should  be  of  the  best  quality, 
ground  in  damar  varnish.  If  only  zinc  white  ground  in  lin- 
seed  oil  can  be  obtained,  it  should  be  washed  with  turiientine 
to  draw  off  the  surplus  oil.  The  colors  should  be  ground  in 
japan.  When  the  proper  tint  has  been  obtained,  it  shouI<l 
be  thinned  with  turpentine  to  a  creamy  consistency,  and  a 
good  pale  baking  varnish  added  to  give  a  glossy  surface 
The  pipes  should  be  painted  when  fairly  cool,  and  steam 
should  not  be  turned  on  until  the  paint  Is  dry  and  hard  to 
the  touch. 

Testing  Linseed  Oil.  The  simplest  tests  for  the  purity  o{ 
linseed  oil  are  the  smell  and  the  taste.  Good,  raw  linseed 
oil  should  be  of  a  light  yellow  color;  a  greenislt  oil  usua^y 
indicates  that  it  has  been  made  from  unripe  seed  and  is  not 
fit  for  use  In  first-class  paint.  Pure  linseed  oil,  when  first 
placed  on  the  tongue,  has  a  bland  taste,  turning  afterward 
to  slightly  bitter  and  rasping.  The  presence  of  either  rosia 
or  mineral  oil  as  an  adulterant  gives  a  decidedly  nauseating 
taste.     A  few  drops  of  pure  linseed  oil  rubbed  briakly  be- 
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tween  the  palms  of  the  hands  should  have  only  the  char* 
acteristic  odor  of  flaxseed;  a  faint  odor  of  rosin  indicates 
adulteration  with  rosin  oil,  while  an  odor  of  machine  oil 
shows  the  presence  of  mineral  oil.  If  there  is  a  sweet,  mealy 
smell  of  fish  or  menhaden  oil,  it  is  very  difficult  to  disguise 
when  the  oil  is  heated;  but  fish  oil  is  little  used  as  an 
adulterant. 

If  a  drop  of  the  suspected  oil  is  placed  on  a  piece  of 
black  japanned  tin  or  on  a  sheet  of  glass  painted  black  on 
the  other  side,  the  presence  of  mineral  oil  will  be  detected 
by  a  bluish  iridescence  or  bloom,  when  held  in  a  strong 
light,  sometimes  extending  as  a  ring  beyond  the  drop  of  oil. 
A  simple  test  is  to  make  a  freezing  mixture  of  ice  and 
salt,  placing  a  small  portion  of  the  suspected  oil  in  it,  with 
the  bulb  of  a  thermometer  in  the  oil.  If  the  oil  congeals 
to  a  solid  or  butter-like  consistency  at  a  temperature  higher 
than  eighteen  degrees  below  zero,  it  is  not  pure  linseed  oil, 
but  may  contain  an  excess  of  water,  or  may  be  adulterated 
with  rosin  oil  (freezing  point  6*  P.),  or  with  rape  seed  oil, 
which  is  apt  to  come  from  imperfectly  cleaned  seed  and 
which  freezes  at  25°  F.  Fish  oil  has  a  still  higher  freezing 
point,  32°.,  or  that  of  water. 

Another  simple  test  is  to  take  a  white  glass  bottle  about 
3  in.  high,  and  pour  in  oil  to  a  depth  of  about  2  in.  Add 
3  or  4  drops  of  sulphuric  acid,  and  shake. 

If  the  mixture  becomes  a  very  dark  brown,  thick,  syrup- 
like substance  in  a  few  minutes,  the  oil  is  linseed.  If  it 
does  not  change  quickly,  let  it  stand  over  night;  and  if  there 
is  linseed  oil  in  the  mixture,  it  will  form  the  syrup  at  the 
bottom  of  the  bottle.  By  measuring  the  height  of  the  syrup 
at  the  bottom  of  the  bottle,  the  percentage  of  adulteration 
may  be  determined. 

Testing  White  Lead.  White  lead,  purchased  in  unbroken 
packages  bearing  the  name  of  any  reputable  corroder,  is 
reasonably  certain  to  be  pure.  Occasionally  it  may  contain 
a  trifle  of  silver  or  of  uncorroded  blue  lead,  either  of  which 
renders  the  white  lead  ofF-color.  But  when  white  lead  is 
offered  under  fancy  names,  either  branded  with  a  Jobber's 
or  grinder's  name,  or  with  no  firm  name,  and  especially  when 
it  is  offered  at  less  than  the  current  market  quotations  for 
'White  lead,  one  may  feel  certain  that  it  is  a  so^alled  "com* 
bination"  lead,  or  a  mixture  of  white  lead,  zinc  white,  and 
barytes. 

To  test  white  lead  in  oil  for  purity,  scoop  a  small  hole 
in  a  piece  of  charcoal,  and  place  in  it  a  portion  of  the  lead 
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about  the  size  of  a  small  pea.  A  gas  flame,  or  the  flame  of 
a  spirit  lamp,  is  then  directed  upon  It  by  means  of  a  blow- 
pipe. The  lead  must  be  held  in  the  point  of  the  flame,  and 
a  steady  blast  must  be  maintained.  A  minute  or  two  should 
reduce  the  white  lead  to  a  button  of  metallic  lead,  proTlded 
it  is  free  from  adulteration.  If  any  zinc,  barytas,  whitlnis. 
clay,  or  silica  be  present — even  if  only  5  or  10  per  cent — no 
metallic  button  can  be  formed,  but  the  substance  left  will  be 
a  whitish,  yellow,  or  gray  cinder-like  mass. 

To  test  white  lead  for  the  presence  of  barytes  (the  most 
usual  adulterant),  place  about  20  grains  in  a  test  tube, 
which  should  be  filled  about  half  full  of  dilute  nitric  acid. 
Pure  white  lead  will  completely  dissolve,  with  some  effer- 
vescence, while  barytes  will  remain  as  an  insoluble  precipi- 
tate in  the  bottom  of  the  tube. 

The  oil  may  be  removed  from  white  lead  ground  in  oil, 
by  placing  it  on  blotting  paper  and  saturating  it  with  ben- 
zine or  gasoline,  which  is  then  allowed  to  evaporate. 

White  lead,  however,  may  be  pure,  yet  of  inferior  qual- 
ity, owing  to  imperfect  corrosion  or  to  lack  of  care  in  its 
manufacture.  A  good  white  lead  should  be  reasonably  white, 
with  a  very  slight  yellow  tone  as  distinguished  from  the 
dead  white  of  zinc  white.  The  quick-process  leads,  as  a 
rule,  are  whiter  than  those  made  by  the  old  Dutch  proceea 
A  dark,  somewhat  gray  color  Indicates  imperfect  corrosion. 
The  lead  should  be  of  good  density  and  not  too  oily,  bat 
should  be  ground  so  as  to  "string  out"  when  taken  up  from 
the  keg  with  a  paddle.  Lead  of  this  character  does  not 
break  up  so  readily  as  a  "short"  lead,  and  is  much  more 
durable  for  outside  work. 

ESTIMATING  COST  OP  PAINTING 
Estimate  Systematically.  It  is  very  easy  to  overlook 
something,  and  the  only  safe  way  to  avoid  it  is  to  go  about 
the  matter  systematically,  taking  room  by  room,  if  the  work 
is  interior,  and  exercising  equal  care  to  measure  and  in- 
clude all  surfaces  to  be  covered  if  the  work  is  exterior.  A 
book  should  be  ruled  for  estimating  so  as  to  show  the  super- 
ficial measurements,  the  number  of  square  feet,  and  the 
allowances  or  corrections,  so  that  the  last  column  shows  tbe 
equivalent  number  of  square  feet  of  plain  surface.  The  dif- 
ferent kinds  of  wood  and  the  different  classes  of  workman- 
ship should,  of  course,  be  kept  entirely  separate,  in  order  to 
avoid  confusion. 

The  most  important  thing  for  a  painting  contractor  to  do 
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is  to  keep  a  record  of  cost  of  every  Job,  giving  in  tabulated 
form  an  exact  statement  of  the  number  of  hours  work  and 
the  amount  of  materials  required.  These  are  things  that 
every  contractor  must  find  out  for  himself,  because  the  meth- 
ods of  handling  work  in  different  localities  are  different,  and 
each  man  must  fix  his  own  prices. 

The  careful  painter  does  not  guess  at  heights,  lengths,  or 
the  areas  of  surfaces,  but  measures  eversrthing  carefully  with 
a  rule  or  tape.  All  measurements  and  calculations  should 
be  checked  for  accuracy,  and  also  to  see  that  nothing  has 
been  omitted  in  taking  off  the  measurements. 

MEASUREMENTS  FOR  PAINTING 

When  both  ends  and  both  sides  of  a  building  are  of  the 
same  size,  it  is  necessary  to  measure  one  end  and  one  side 
only;  then  double  these  dimensions,  and  milltiply  their  sum 
by  the  height  to  the  eaves.  If  the  building  is  of  irregular 
outline  or  is  cut  up  considerably,  It  is  best  to  run  the  line 
completely  around  the  building,  taking  care  to  press  it  into 
all  the  angles.  In  this  way,  the  circumference  is  obtained, 
which,  if  multiplied  by  the  height  to  the  eaves,  gives  the 
number  of  sq.  ft.  of  area  in  the  wall  surface  to  be  covered. 

Next,  measure  the  gables.  The  areas  of  gables  may  be 
found  by  multiplying  the  height  by  the  width  of  the  end 
of  the  house,  and  dividing  the  result  by  2.  If  both  gables 
of  the  building  are  alike^  multiply  the  area  of  one  gable  by  2. 

Porches  and  verandas,  dormer  windows,  bay  windows, 
cornices,  and  other  additions  to  a  building  must  be  meas- 
ured separately,  and  noted  in  a  different  place  on  the  esti- 
mate sheet,  since  the  labor  rate  on  these  items  will  be  dif* 
ferent  from  that  on  flat  surfaces  of  large  area. 

Plain  work  on  cornices,  verandas,  etc.,  is  often  figured 
by  the  linear  foot  instead  of  by  the  surface  area.  Fancy 
lattice-work  or  large  capitals  on  columns  will  have  to  be 
estimated  in  each  individual  case. 

Dormer  windows,  bay  windows,  etc.,  may  be  estimated  by 
the  lump  sum  for  each  one,  remembering  that  the  location 
of  the  dormer  will  make  the  labor  cost  higher  than  on 
straight  walls. 

Gutters  and  downspouts  may  be  estimated  by  the  linear 
foot.  On  small  Jobs,  it  is  not  difficult  to  estimate  the  time 
needed  for  this  class  of  work.  The  amount  of  surface  to  be 
covered  may  be  obtained  from  tables  of  areas,  provided  the 
dimensions  of  the  spouts  and  gutters  are  known. 

No  deduction  has  been  made  for  window  and  door  open- 
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ings  in  figuring  surfaces  to  be  coverecL  Wall  spaces  are 
usually  measured  solid,  and  it  is  estimated  that  the  time 
spent  in  cutting  around  sashes,  frames,  etc.,  is  as  much  as 
would  be  required  in  painting  a  smooth  surface  the  sise  of 
the  openings. 

If  there  are  a  great  many  small  openings,  or  if  there  are 
a  large  number  of  small  lights  to  be  cut  around,  an  addi- 
tional charge  of  one  or  two  cents  per  sq.  yd.  should  be  made. 

If  the  roof  is  to  be  painted  or  stained,  the  number  of  sq. 
ft.  of  surface  in  the  roof  should  be  measured.  A  pitch  roof 
may  be  measured  from  the  ground  by  measuring  off  a  space 
on  the  end  of  the  building  at  an  angle  equal  to  the  roof 
angle.  The  length  of  the  side  of  the  angle  parallel  to  the 
roof  line,  multiplied  by  the  length  of  the  roof,  will  give  the 
area  of  one  side  in  plain  work  or  with  gables  and  dormers 
of  the  same  pitch. 

Store  fronts  should  first  be  measured  as  in  the  case  of 
other  surfaces.  Then  double,  triple,  or  quadruple  this  meas- 
urement, according  to  the  amount  of  work  on  the  front.  The 
height  of  a  front  or  surface  must  be  taken  into  considera- 
tion, and  the  amount  of  dlflBculty  to  be  met  In  placing  lad- 
ders, hanging  stages,  etc.  Large  fluted  columns  with  orna- 
mental tops,  fancy  cornice,  frieze,  etc.,  may  require  that  the 
measurements  be  tripled  in  order  to  arrive  at  a  proper  labor 
cost. 

Prices  of  labor  and  materials  vary  greatly  in  different 
parts  of  the  country,  and  these  are  the  main  items  to  be 
taken  into  consideration.  The  conditions  and  surroundings 
of  each  individual  job  must  be  considered  in  attempting  to 
fix  a  cost.  If  the  surface  to  be  painted  is  peeling,  blistered, 
or-  in  a  bad  condition  which  requires  much  scraping  or 
burning  off,  the  cost  of  the  work  will  be  higher.  If  a  job 
is  located  at  some  distance  from  the  shop,  the  cost  of  haul- 
ing equipment  and  materials  to  and  from  the  job  must  be 
added. 

Official   Rules  for    Measuring 

In  order  to  give  some  basis  by  which  estimates  for  paints 
ing  work  could  be  intelligently  made,  the  National  Assoeia- 
tion  (now  the  International  Association)  of  Master  Hous^ 
Painters  and  Decorators  appointed  a  committee,  about  tbe 
year  1892,  to  devise  a  system  of  measurements  which  would 
be  practicable  for  the  entire  country.  This  committee  took 
two  years  to  perform  Its  work,  and  finally  reported  at  tlie 
convention  held  in  Baltimore,  February,  1894,  giving  a  ^v^ry 
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practical  system  whereby  all  classes  of  work  were  reduced 
to  a  basis  of  square  yards  of  plain  painting.  For  example, 
lattice-work,  when  painted  on  one  side  only,  is  to  be  meas- 
ured  by  multiplyimg  three  times  the  height  by  the  length. 

Some  of  the  more  important  rules  of  the  system  of  meas- 
urement are  given  in  the  following: 

Outside   Measurements 

Clapboarded  walls — ^Add  one  sq.  ft.  to  each  sq.  yd.  of 
measurement  to  allow  for  under  edges  of  boards. 

Flat  brick,  wood,  cement,  or  stone  walls — Measure  height 
by  width,  and  add  area  of  openings. 

Cornices  (if  plain) — Multiply  the  length  by  1%  times  the 
girth;  on  high  buildings,  where  the  walls  are  not  to  be 
painted,  by  4  times  the  girth. 

Bracket  cornices — The  length  to  be  measured  by  from  3 
to  8  times  the  girth,  according  to  ornamentation  and  height 
above  ground. 

Outside  blinds — Multiply  the  height  by  twice  the  girth 
for  stationary,  and  by  three  times  the  girth  for  rolling  slat 
blinds.    Height  by  twice  girth  for  shutters. 

Door-frames — ^If  6  in.  or  less  in  girth,  the  girth  to  be 
counted  as  1  ft.,  and  allow  double  girth  for  all  in  excess  of 
6  in.,  multiplying  by  the  length  all  around. 

Doors — ^Batten  doors,  add  1  in.  to  girth  for  each  bead  or 
batten,  and  measure  square.  Paneled  doors,  double  the  area. 
Measure  edges  twice  on  account  of  lock  face  and  butts. 

Window-sash — If  plain,  measure  the  height  by  1%  times 
the  width;  if  fancy,  by  3  times  the  width. 

Balustrades — Take  4  times  the  height  of  one  side,  with 
the  top  surface  of  upper  and  lower  rail  added,  and  multiply 
by  the  length  of  the  baluster  rail. 

Columns — ^When  plain,  multiply  the  height  by  1%  times 
the  girth;  when  fluted,  by  twice  the  girth,  pressing  the  tape 
Into  the  flutes. 

Capitals — Multiply  the  height  by  from  3  to  10  times  the 
girth. 

Tin  roofs — ^Measured  square. 

Plain  or  beaded  sheathing  ceilings — Multiply  twice  the 
length  by  the  width,  adding  1  in.  to  the  width  for  each  bead. 

In  dipping  shingles,  estimate  at  400  sq.  ft  for  each  1,000 
shingles. 

Floors — Square  measurement. 

Chimneys,  conductors,  spouts,  barge  boards,  crestings— * 
Four  times  the  girth  multiplied  by  the  length. 
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Inside  Measurements 

Ceilings — ^If  washed  and  tinted,  double  surface.  If  washed, 
sized,  and  tinted,  3  times  the  surface. 

Walls — Make  no  allowance  for  openings  if  the  finish  is  of 
hardwood,  and  allow  one-half  the  area  of  opening  if  the 
finish  is  to  be  painted.  If  walls  to  be  washed  and  tinted, 
add  one-fourth  to  surface  measurement,  and  make  no  dedae> 
tion  for  openings. 

Interior  wood  finish — If  from  4  to  6  in.  in  girth,  count  as 
1  ft;  12  and  18  inches,  count  as  3  ft.  Add  1  ft.  to  the  per- 
pendicular height  for  corner  blocks. 

Baseboard — ^Allow  not  less  than  1  ft.  for  height;  and 
when  base  and  molding  exceed  10  in.,  count  them  as  15. 

Paneled  dadoes — Two  or  three  times  the  area. 

Painted  floors — One  and  one-half  times  the  area;  double 
area  for  hardwood  floors.  Parquet  floors,  from  3  to  5  times 
the  area. 

Moldings  less  than  4  in.  in  width,  and  separated  from 
other  finish,  to  be  counted  as  1  ft 

Doors,  window-frames,  columns,  etc. — The  same  rules  as 
for  outside  measurements. 

To  the  above  measurements  might  be  added  the  following: 

Iron  gratings,  screens,  or  bars — ^Measure  area  of  surface 
covered,  and  multiply  by  4  or  6  as  the  case  demands. 

Hand-rails,  buttresses,  stairs,  and  steps — Multiply  surface 
measurement  by  2. 

Skylights — Multiply  surface   measurement  by   four. 

Iron  Fences — Fancy  cast-iron  work,  4  times  the  helglit  o^ 
one  side'  multiplied  by  length.  Bar  or  pipe  work,  circuxn- 
ference  of  pipe  multiplied  by  length  of  fence. 

Board  or  picket  fences — Twice  the  height  of  rails  or  pie^k- 
ets,  and  girth  of  same,  multiplied  by  the  length  of  fence  w^tn 
circumference  of  posts  added. 

Domes  and  cupolas — ^Multiply  the  girth  at  the  base  by  t^«: 
greatest  height  and  this  result  by  3. 

Spires — If  plain  boarded,  multiply  the  greatest  girtlx  I.t 
double  the  height 

Single  doors — Measure  as  36  sq.  ft  for  each  side,  inolii.^ 
Ing  trim. 

Interior  side  of  windows — Same  as  for  single  doors. 

Wall  decoration — See  under  "Calcimine,"  p.  625. 

Woodwork  In  bad  condition,  add  from  one-tenth  to  on— 
half  to  the  measurements  given  above. 
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Quantities  of  Materials  for  Painting 

Where  the  contractor  has  learned  by  experience  to  Judge 
reasonably  well  as  to  the  time  required  for  doing  a  given 
piece  of  work,  then  the  labor  and  material  may  be  figured 
separately.  It  then  becomes  needful  to  know  the  average 
covering  capacity  of  white  lead  or  such  other  paint  as  may 
be  used.  This  depends  very  much  on  the  condition  of  the 
surface  to  be  covered  and  its  degree  of  absorptioUp  as  well 
as  on  the  particular  material  employed  and  the  fineness  to 
which  it  is  ground. 

In  figuring  from  plans  the  painter  not  only  needs  to  look 
over  the  specifications  for  his  own  work,  but  he  must  also 
examine   carefully   the   specifications   for   other    mechanics, 
since  often  there  are  items  called  for  which  do  not  appear 
on  the  plans,  but  which  require  painting  or  hardwood  fin- 
ishing.   Sometimes  the  mantels  are  furnished  by  the  owner 
ready-finished  from  the   factory,  while  at  other   times  the 
painter  must  finish  them.  .  It  is  well  to  read  carefully  the 
specifications  for  the  plasterer,  the  plumber,  and  the  steam- 
fitter.     Among  other  things  that  the   painter  should   care- 
fully consider  are  the  kinds  of  wood  for  Interior  finish;  the 
kinds  of  wood  for  the  fioors,  and  whether  they  are  to  be 
finished;  whether  the  cellar  woodwork  is  to  be  finished  by 
the  painter,  or  whether  he  has  whitewashing  to  include  in 
bis  estimate.    Who  is  to  finish  the  radiators?    Is  the  kitchen 
sink  to  be  bronzed  with  aluminum?    And  the  same  of  the 
outside  of  the  sink.     What  walls,  if  any,  are  to  be  calci- 
mined  or  frescoed?    Are  there  wood  or  plaster  cornices  to 
lie  finished?    Look  out  for  wainscots,  kitchen  dressers,  pan- 
try fittings,  seats,  or  other  wood  fittings  requiring  finishing. 
Covering  Capacity.    For  white  lead,  under  average  condi- 
tions of  surface,  the  area  (in  sq.  ft)>  divided  by  18,  will  give 
approximately  the  number  of  pounds  of  white  lead  in  oil 
tliat  will  be  needed  to  do  a  good  3-coat  job  of  painting.    The 
area  (in  sq.  ft.),  divided  by  200.  will  give  approximately  the 
number  of  gallons  of  white  lead  paint  that  will  be  required 
to  do  the  work,  two  coats.    There  would  be  very  little  differ- 
once  in  the  number  of  gallons  of  any  good  mixed  paint  that 
-would  be  needed. 

One  pound  of  paint  will  cover  from  3^  to  4  sq.  yds.  of 
-wood  for  the  first  coat,  and  from  4^  to  6  sq.  yds.  for  each 
£t<3ditional  coat;  on  brickwork,  it  will  cover  about  3  sq.  yds. 
^or  the  first  coat  and  4  sq.  yds.  for  the  second  coat. 

One  pound  of  putty,  on  an  average,  will  be  sulficient  for 
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about  20  sq.  yds.  of  wall  or  ceiling  where  stopping  (filling 
cracks,  etc.)  is  needed. 

One  pound  of  wax  will  cover  about  125  sq.  ft.  of  surface. 

One  pound  of  glue,  mixed  with  two  gallons  of  water,  for 
sizing,  will  cover  about  100  sq.  yds.  of  surface. 

One  gallon  of  ready-mixed  paint  will  cover  250  to  300  sq. 
ft.  of  wood  surface  one  coat,  or  175  to  225  sq.  ft  two  coau. 
or  125  to  150  sq.  ft.  three  coats. 

One  gallon  of  paint,  emerald  green,  will  cover  about  25 
sq.  yds. 

One  gallon  of  paint,  yellow,  will  cover  about  44  sq.  yds. 

One  gallon  of  paint,  stone  color,  will  cover  about  44  »#. 
yds. 

One  gallon  of  paint,  white,  will  cover  about  44  sq.  yds. 

One  gallon  of  paint,  zinc  white,  will  cover  about  50  sq.  yds. 

One  gallon  of  paint,  prime  color,  will  cover  about  50 
sq.  yds. 

One  gallon  of  paint,  black,  will  cover  about  50  sq.  yds. 

One  gallon  of  paint,  green,  will  cover  about  45  sq.  yda 

One  gallon  of  paint,  bronze  green,  will  cover  about  70 
sq.  yds. 

One  gallon  of  mixed  paint  will  cover  from  25  to  30  sq. 
yds.  on  stonework;  80  to  90  sq.  yds.  on  ironwork;  and  4m 
to  50  sq.  yds.  on  plaster. 

One  gallon  of  mixed  paint  will  cover  about  125  sq.  ft.  of 
brickwork  for  the  first  coat,  or  about  300  sq.  ft,  for  tbt? 
second  coat. 

One  gallon  of  shellac  will  cover  700  to  750  ft,  one  coat. 

One  gallon  of  water  stain  will  cover  650  sq.  ft  on  open- 
grained  woods;  750  sq.  ft  on  close-grained  woods,  and  about 
500  sq.  ft  on  soft  woods. 

One  gallon  of  spirit  stain  will  cover  about  ^  the  capacity 
of  water  stains. 

One  gallon  of  oil  stain  will  cover  about  600  sq.  ft.  on 
either  hard  or  soft  woods. 

For  shingle  stains,  see  page  612. 

One  gallon  of  paste  filler  reduced  for  use  will  cover  aboi:T 
SOO  sq.  ft. 

One  gallon  of  liquid  filler,  hard  oil  finish,  or  varnish  wi  r 
generally  cover  from  350  to  400  sq.  ft.  for  fl/st  coat  and  frocr. 
400  to  500  sq.  ft  for  subsequent  coats. 

One  gallon  of  enamel  will  cover  about  260  sq.  ft  on  pla.2^~ 
ter,  one  coat 

One  gallon  of  varnish  remover  will  treat  about  150  sq.   fx 

For  bronze  paint,  see  page  613. 
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In  estimating  per  square  of  surface  covered,  the  follow- 
ing proportions  are  often  followed: 

Where  lead  and  oil  primer  is  used,  new  woodwork  re- 
quires 3%  pounds  of  white  lead,  1  quart  linseed  oil,  and  a 
little  under  %  pint  of  turpentine  per  square  (100  sq.  ft.)  of 
work.  If  used  on  common  brickwork,  8%  pounds  of  white 
lead,  ^  gallon  of  linseed  oil,  and  a  little  over  ^  pint  of  tur- 
pentine per  square. 

Coats  other  than  priming  coats  require  2^  pounds  of 
white  lead,  1  pint  of  linseed  oil,  and  %  pint  of  turpentine 
per  square  for  woodwork,  and  3%  pounds  of  white  lead,  1 
quart  of  linseed  oil,  and  H  pint  of  turpentine  per  square  on 
common  brickwork. 

Labor  Quantities  for  Painting 

An  average  workman  will  do  approximately  the  follow- 
ing amounts  of  work  in  an  8-hour  day: 

Shellacking  knots,  450  sq.  yds. 

Puttying  defects,  250  sq.  yds. 

Sizing  plaster  walls,  250  sq.  yds. 

Fiiling  woodwork  with  paste  filler,  65  sq.  yds.  on  common 
work,  or  25  sq.  yds  on  high-class  work. 

Lead  and  oil,  priming  coat,  80  to  100  sq.  yds. 

Lead  and  oii,  second  coat,  80  sq.  yds. 

Outside  blinds,  8  pairs,  first  coat;  and  10  pairs,  second 
coat. 

Dipping  sKilngies,  8,000  dipped  %  of  length. 

Staining  sKiingies,  one  coat  with  brush,  100  sq.  yds. 

Varnishing,  varies  from  30  sq.  yds.  on  balusters  and  sim- 
ilar work,  to  90  sq.  yds.  on  plain,  flat  surfaces  such  as  floors. 

Graining,  about  25  sq.  yds. 

On  residence  work,  about  30  sq.  yds.  per  8-hour  day  for 
3-coat  exterior  work,  including  shellacking  knots,  puttying 
defects,  and  cornice  and  porch  work. 

Interior  sKiellacking,  70  sq.  yds.,  one  coat. 

Rubbing  down  work,  about  30  sq.  yds. 

Applying  liquid  filler,  from  50  to  100  sq.  yds.,  depending 
upon  the  class  of  work. 

Mineral  paint,  on  small  surfaces  with  angles,  80  sq.  yds.; 
on  large  surfaces,  150  sq.  yds. 

Lead  and  oil  paint  on  piaster,  125  sq.  yds. 

Cleaning  work  for  painting,  40  sq.  yds.  on  plain  work. 

Painting  on  Metal.  As  regards  the  surface  of  structural 
steel  covered  by  a  gallon  of  paint,  there  is  much  difference 
of  opinion  among  experts,  some  putting  it  at  300  or  400  sq. 
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ft,  otbers  as  high  as  1,000  or  1,200  sq.  ft  The  fact  is  that 
any  paint  can  be  brushed  out  by  a  skilled  workman  into  an 
exceedingly  thin  Hlm,  while  ordinary  work  will  give  a  coat- 
ing at  least  twice  as  thick.-  In  general  it  is  not  wise  to 
estimate  more  than  500  or  600  sq.  ft  of  surface  to  the  gal- 
lon, one  coat  Varnish  paints  cover  less  than  oil;  but,  if 
well  made,  they  are  more  durable. 

Table  2  will  give  a  general  idea  of  the  quantities  of 
materials  needed  for  different  kinds  of  paints  on  metals,  to- 
gether with  covering  capacities  for  onensoat  and  two-coat 
work. 

Painting  Structural  Work.  Mr.  Edward  Godfrey  gives, 
in  Table  3,  a  great  quantity  of  useful  data  in  regard  to 
the  covering  capacity  and  cost  of  paint  on  metal  bridge  and 
other  steel  structural  work. 

Buildings — 12  lbs.  iron  averages  1  sq.  ft.  surface.  Add  10 
per  cent  for  corrugations  in  corrugated  iron. 
Steel  Riveted  Pipe — Add  3  per  cent  for  laps. 
Painter's  Cost  Record.  The  National  Lead  Company  of 
New  York  publish  a  form  of  record  blank  which  is  very 
useful  in  determining  the  cost  of  a  piece  of  work,  and  which, 
if  properly  filled  out.  will  show  the  amount  of  profit  real- 
ized. A  sample  of  this  blank,  with  properly  fiUed-in  items, 
is  here  reproduced  (see  p.  628).     * 

CALCIMINE 

Measurements.  In  measuring  rooms  for  decorating,  meas- 
ure ceilings  as  solid,  and  side  walls  as  actual  area  less  ^  of 
all  openings. 

To  Apply  Calcimine 

Use  a  flat  wall  brush  6  to  7  in.  in  width,  and  apply  ma- 
terial with  a  sweeping,  slanting  stroke,  half-perpendicular  in 
motion.  Make  a  downward  sweep  slightly  curved  so  that  the 
material  flows  easily  and  leaves  no  brush  marks.  Apply 
in  strips  double  the  width  of  the  brush. 

Tint  the  ceiling  first,  beginning  at  the  side-wall  angle, 
working  back  and  forth  the  narrowest  way  of  the  room.^ 
Begin  side-wall  work  at  ceiling  angle,  and  work  down  to 
base-board  in  strips  double  the  width  of  the  brush. 

Covering  Capacity  of  Calcimine.  As  a  basis  for  estimat- 
ing: quantities  of  material  needed  in  a  given  case,  one  pound 
of  dry  calcimine  will  cover  the  following  average  areas: 

Stone   24  to  40  sq.  ft 

Soft,    unpalnted  bricks * 25  to  40   "    " 

Rousli,  unpainted  boards 25  to  40  "    ** 

(jContimud  on  pagt  BBS) 
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RECORD  BLANK 
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Average  areas  covered  by  1  gallon  of  mixed  calcimine 
are  as  follows:  Hard  plaster  walls,  270  sq.  ft;  wood,  225 
sq.  ft;   brick,  180  sq.  ft. 

For  necessary  quantities  of  sizing,  see  page  622. 

Labor  Costs  of  Caicimine  Worl( 

An  average  workman,  using  a  5-ln.  calcimine  brush,  will 
cover  the  following  areas  in  one  hour: 

Brick    wall    20  sq.  yds. 

Rough  wall   22   "  " 

Celling  (from  step-ladder) 25   "  " 

Smooth  wall 38  "  " 

Flat  surface  40   "  " 

For  labor  costs  in  sizing,  see  page  623. 

WHiTEWASHINQ 
A  recipe  for  whitewash,  issued  by  the  Lighthouse  Board 
of  the  Treasury  Department,  said  to  be  very  good  for  out- 
door exposure,  is  as  follows: 

Slake  half  a  bushel  of  unslaked  lime  with  boiling  water, 
keeping  it  covered  during  the  process.  Strain  it,  and  add 
a  peck  of  salt  dissolved  in  warm  water;  three  pounds  of 
ground  rice  put  in  boiling  water  and  boiled  to  a  thin  paste; 
half  a  pound  of  powdered  Spanish  whiting;  and  a  pound  of 
clear  glue,  dissolved  in  warm  water.  Mix  these  well  together, 
and  let  the  mixture  stand  for  several  days.  Keep  the  wash 
thus  prepared  in  a  kettle  or  i>ortable  furnace;  and  when  used, 
put  it  on  as  hot  as  possible,  with  painters'  or  whitewash 
brushes. 

To  Clean  Whitewash  from  a  Ceiling.  Take  3  pints  of  flour 
and  beat  it  thoroughly  in  cold  water;  then  pour  boiling  water 
into  it  until  cooked.  Dissolve  one  pound  of  alum  in  hot  water, 
and  pour  in  the  paste.  Use  the  paste  quite  thick.  Apply  to 
the  celling  with  a  whitewash  brush,  being  sure  to  cover  the 
celling  thoroughly;  then  close  the  room,  and  let  It  stand 
over  ni^t  In  the  morning  the  bits  of  lime  left  clinging  to 
the  celling  are  easily  scraped  oft.  Be  sure  to  carry  everything 
from  the  room  before  commencing  work  as  the  lime  falls  to 
the  floor. 
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Glass  and  Glazing 

There  are  several  different  kinds  and  grades  of  glass  man- 
ufactured for  use  in  building  construction.  Among  the  dif- 
ferent kinds  used  are  plate  glass,  sheet  glass,  ornamental  and 
colored  glass,  figured  rolled  glass,  wire  glass,  prismatic  glass, 
and  skylight  glass. 

PUATE  GLASS 

Plate  glass  is  the  highest  grade  of  window  ^lass.  It  la 
cast  in  large  sheets  on  a  flat  table,  and  then  polished.  This 
glass  is  manufactured  in  sheets  of  different  sizes,  some  as 
large  as  12  ft.  wide  by  16  ft.  long.  The  average  thickness 
of  plate  glass  is  from  %  to  5/16  in.  Large  plates  are  made 
%-in.  thick. 

WINDOW  GLASS 

Sheet  glass,  or  common  window  glass,  is  so  named  on 
account  of  the  method  of  manufacture.  The  glass  is  first 
blown  in  the  form  of  a  cylinder,  then  cut  along  the  side  of 
the  cylinder  and  flattened  on  a  stone.  This  method  of  man- 
ufacture causes  a  wavy  appearance  in  the  product,  which 
readily  distinguishes  it  from  plate  glass. 

Grades  of  Window  Glass.  Window  glass  is  made  in  three 
different  grades,  in  both  single  strength  and  double  strength, 
the  grading  of  the  glass  depending  upon  its  color  and  bril- 
liancy, and  the  presence  or  absence  of  flaws  in  the  material 
The  best  quality  is  rated  as  AA,  the  second  as  A,  and  the 
third  as  B.  The  AA  grade  is  supposed  to  be  of  very  fine 
quality  and  free  from  flaws,  while  the  A  grade  is  the  one  com- 
monly used.  B  grade  glass  is  used  in  cellar  windows,  fac- 
tories, greenhouses,  or  other  places  where  the  quality  of  the 
glass  is  not  an  important  question. 

Stock  Sizes  of  Window  Glass.  The  regular  stock  sizes  of 
window  glass  vary  in  width,  by  inches,  from  6  to  16  in.,  and 
then,  by  Increases  of  2  in.,  up  to  60  in.  The  length  or  heigrht 
of  these  sizes  varies  from  8  in.  up  to  90  In.  in  the  different 
sizes  of  single-  and  double-strength  glass.  The  exact  size  of 
glass  may  be  obtained  from  a  list  of  standard  sizes  and  prices 
of  same,  which  may  be  obtained  from  any  Jobber. 

The  thickness  of  ordinary  window  glass  Is  about  1/16  in. 
for  single-thick  or  single-strength  glass,  but  double-thick  or 
double-strength  glass  is  nearly  %'in,  thick. 

Mode  of  Setting.    Ordinary  window  glass  is  held  in  pljice 
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by  means  of  small  triangular  pieces  of  thin  tin  which  meas 
ure  about  ^-in.  on  a  side,  and  finally  by  a  strip  of  putty 
The  tin  points  hold  the  glass  in  place  until  the  putty  hai 
hardened.  Large  lights  of  glass  require  more  points  thai 
small  ones,  but  a  good  rule  is  to  space  the  points  about  6  in 
apart 

The  amount  of  putty  required  for  a  given  Job  may  b< 
estimated  approximately  on  the  basis  of  1  pound  of  putty  foi 
each  25  linear  feet  around  edge  of  glass. 

The  number  of  points  needed  may  be  determined  fron: 
the  rule  given  above,  knowing  the  number  of  linear  feet  oi 
edlge  of  glass. 

Method  of  Selling  Glass.  Window  glass  is  sold  by  the  boa 
containing  about  50  sq.  ft.  of  glass.  The  number  of  panes 
per  box  will  depend  upon  the  size  of  the  pane. 

If  it  is  desired  to  find  the  number  of  boxes  of  windo^i 
glass  of  a  given  size  necessary  for  a  job,  divide  50  multiplied 
by  144,  by  the  result  obtained  by  multiplying  the  width  ol 
the  pane  by  its  length.  This  will  give  the  number  of  panes 
of  glass  per  box.  The  total  number  of  panes  needed,  divided 
by  the  number  of  panes  per  box,  will  give  the  number  ol 
boxes  to  be  ordered. 

For  example,  suppose  that  it  is  desired  to  find  how  man^ 
boxes  of  glass  would  be  needed  to  furnish  glass  for  12  win 
dowB  consisting  of  4  panes  of  glass,  each  13  by  28  in.: 
60X144 

=20  (nearly). 

13X28 
Thus  it  is  seen  that  1  box  of  glass  contains  20  panes.  II 
48  panes  are  needed,  3  boxes  of  glass  would  have  to  be  or 
dered,  or  2  boxes  and  8  extra  panes.  If  3  boxes  were  ordered; 
there  would  be  a  liberal  allowance  for  breakage,  and  there 
would  be  some  left  over.  If  exactly  enough  glass  was  ordered 
to  fill  the  job,  there  would  be  danger  of  a  shortage  due  tc 
breakage. 

WIRE  GLASS 

Wire  glass  may  be  obtained  as  plain  glass,  either  polished 
or  rough,  or  as  ribbed,  prism,  or  figured  patterns.  The  thick 
ness  of  wire  glass  is  %-in.  or  about  %-in.  Rough,  ribbed 
and  figured  wire  glass  may  be  obtained  in  widths  up  to  and 
including  44  in.  Figured  glass  may  be  obtained  in  lengths 
up  to  110  In.;  and  rough  and  ribbed  patterns,  up  to  144  in 
Prism  wire  glass  is  about  %-in.  thick,  and  comes  in  widths 
up  to  and  including  42  in.,  and  in  lengths  up  to  144  in. 
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PRISM  GLASS 

Prism  glass  comes  in  sizes  up  to  60  inches  high,  and  in 
lengths  up  to  138  inches. 

FIGURED  GLASS 

Figured  glass  is  made  in  a  variety  of  patterns  which  are 
designated  by  name  or  numbers  by  the  manufacturers.  One 
side  of  this  type  of  glass  is  smooth,  and  the  other  rough 
The  thickness  may  be  either  ^  or  3/16  in.;  while  widtlis  of 
pane  may  be  30.  40,  or  42  in.  The  lengths  of  panes  maj  be 
up  to  about  100  in. 

SKYLIGHT  GLASS 

Skylight  glass  may  consist  of  prism  or  wire  glass,  fluted 
or  rough  plate  glass,  or  clear  double-thick  glass.  The  prism 
or  wire  glass  is  the  best  for  use  in  skylights,  with  fluted  or 
rough  plate  glass  as  a  second  choice.  If  double-thick  c^lear 
glass  is  used,  lights  may  be  from  16  to  30  in.  long  by  9  to  IS 
in.  wide.    A  1^-in.  lap  should  be  used  at  Joints. 

Table  4  gives  the  thiclmess  and  weight  per  sq.  ft.  for 
fluted  or  plate  glass  for  skylights.  If  a  lap  of  IH  tn.  is 
allowed  at  the  Joints,  the  covering  area  of  the  glass  will  be 
diminished  as  indicated. 

TABLE  4 
Weights  and  Covering  Capacities  of  Skylight  Glass 


8ise  of  plate 

Tliickness 

Area  of  plate 

Covering  capacity  of 
plate  allowing  IH 
in.  joints 

Weight. 


12x48  m. 

A  in. 

4  Bq.  ft. 


3.87  sq.  ft. 

2HlbB. 

per  sq.  ft. 


15x60  in. 
6.25  sq.  ft. 


6.09  sq.ft. 

33^  lbs. 

per  sq.  ft. 


20x100  m. 
13.8  sq.ft. 


13.6  sq.ft. 

5  lbs. 
pereq.  ft. 


94x156  in. 
101.8  aq.  ft 


100.8  sq.  fL 
Tibs. 


The  weights  of  other  thicknesses  of  plate  or  fluted  glass 
are  approximately  as  follows: 

%-in.  2      pounds  per  sq.  fL 

%-in 8H        "  "     **    - 

%-in 10  "  "     -    - 

PUTTY 
Putty  is  made  by  mixing  Spanish  whiting  reduced  to  a  fine 
poVder,  with  raw  linseed  oil,  and  kneading  into  a  stiff  paste. 
If  hard  putty  is  desired,  turpentine  may  be  substituted  for 
a  part  of  the  oil.  Soft  putty  is  made  by  mixing  10  pounds 
of  whiting  and  1  pound  of  white  lead  with  the  neceeaary 
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amount  of  boiled  Unseed  oil,  adding  to  It  half  a  gill  of  the 
best  salad  oil.  The  salad  oil  prevents  the  white  lead  from 
hardening,  and  keeps  the  putty  soft  so  that  It  will  stick  to  the 
glass  at  all  times.  x 

Protection  of  Putty.  In  glazing,  sashes  must  first  be 
primed  before  being  puttied;  otherwise  the  wood  will  draw 
the  oil  out  of  the  putty,  and  cause  It  to  shrink  and  fall  out. 
Putty  on  sashes  should  also  be  covered  with  a  good  coat  of 
paint  to  protect  It  from  the  air,  or  it  will  shrink  and  get 
loose,  as  the  oil  dries  out  of  It  through  contact  with  the  air. 

Figuring  Cost  of  Glazing 

Builders  should  procure  price  lists  and  discounts  on  all 
kinds  and  grades  of  glass  from  their  nearest  Jobber  or  dealer. 
It  Is  Impossible  to  quote  standard  prices  on  glass,  on  account 
of  the  constant  fluctuations  which  occur  on  the  market. 
While  the  list  price  of  glass  may  remain  a  constant  quantity 
through  a  long  period  of  time,  the  discounts — which  really 
determine  the  4)rice  of  the  glass — change  very  frequently. 

In  figuring  the  cost  of  glass  of  a  given  size,  knowing  the 
list  price  and  the  discount,  the  following  data  will  be  useful: 

Discounts  are  usually  stated  as  "90  per  cent  and  20  per 
cent,"  or  as  "90  and  10  and  5."  This  method  of  stating  dis- 
counts is  interpreted  as  90  per  cent  discount  allowed  off  the 
stated  list  price,  and  then  additional  discounts  off  this  re- 
duced price  as  indicated.  For  example,  if  the  list  price  of  a 
box  of  10  by  14-in.  double  strength  A  grade  window  glass  is 
137.50,  and  the  discount  is  quoted  as  "90  and  20,"  the  price 
would  be  found  as  follows: 

|37.50X.90»|33.75 
Subtracting  this  from  |37.50,  the  remainder  Is  |3.75.    Then, 

13.75  X. 20=10.75 
Subtracting  this  from  |3.75,  the  remainder  is  |3.00,  the  final 
cost  of  the  glass. 

If  the  discount  Is  given  as  "90,  10,  and  5  per  cent,"  a 
similar  procedure  is  followed,  only  the  reduction  is  carried 
one  step  additional  in  calculation,  so  that  5  per  cent  is  de- 
ducted from  the  second  reduced  price — making  the  final  price, 
in  this  case.  |3.21. 

Odd  Sizes  of  Glass.  Where  fractional  parts  of  inches  or 
sizes  of  glass  in  odd  Inches  are  used,  the  cost  of  the  glass 
should  be  figured  on  the  basis  of  the  next  higher  even  inch 
size  of  glass. 

Fancy  shapes  or  odd  sizes  of  sheets  should  be  figured  on 
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the  basis  of  the  cost  of  the  pane  of  glass  necessary  to  fur- 
nish the  size  of  shape  desired. 

Labor  Costs  in  Glazing 

Labor  quantities  in  glazing  are  very  uncertain.  The  mUI 
worker  who  spends  his  time  at  this  special  line  of  work  on 
sash,  can  do  more  in  an  hour  than  can  the  man  who  has  ool/ 
an  occasional  Job  of  this  kind.  The  type  of  window,  sise  of 
glass,  and  size  of  putty  fillet  needed,  will  also  affect  the  time 
unit. 

An  approximate  estimate  may  be  based  upon  1/6-hour  per 
sq.  ft.  of  glass  area  per  glazier,  where  the  glass  is  in  fairly 
large  sheets  on  new  work.  In  old  work,  about  2/5  of  an  hour 
should  be  allowed  per  sq.  ft.  per  man. 

In  measuring  this  work,  the  dimensions  must  be  taken  be- 
tween the  rabbets,  and  all  irregular  panes  should  be  meas- 
ured according  to  the  extreme  dimensions  each  way. 
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Paperhanging 

KINDS  OF  WALLPAPER 

Wallpapers  may  be  classified  as  follows: 

(1)  Papers  printed  with  distemper  colors; 

(2)  Papers  printed  with  oil  colors; 

(3)  Hand-block  printed  papers; 

(4)  Machine-printed  papers. 

Hknd-printed  papers  are  in  many  ways  superior  to  the 
machine-printed  article,  but  usually  cost  about  twice  as  much. 

Wallpapers  printed  in  distemper  colors  generally  fade. 

Papers  printed  in  oil  colors  always  darken  and  acquire  a 
yellow  tone;  and  allowance  should  be  made  for  this  when 
the  woodwork  of  the  room  is  painted. 

A  flock  wallpaper  has  a  raised  pattern  of  flock. 

A  satin  paper  is  one  whose  ground  or  pattern  is  polished. 

A  frieze  is  a  narrow  paper  of  special  design  for  the  top 
];K>rtion8  of  a  room. 

A  dado  is  a  paper  specially  designed  for  the  lower  part  of 
the  walls  of  a  room,  and  for  the  sides  of  staircases.  A  dado 
should  be  3  ft.  6  in.  from  the  floor  to  the  top  of  the  border; 
if  the  dado  is  kept  too  high,  it  gives  the  room  a  walled-in 
appearance.  Staircase  and  hall  dadoes  generally  run  a  little 
higher  than  those  in  rooms.  Friezes  and  dadoes,-  as  a  rule, 
are  used  only  In  first-class  work. 

Borders  can  generally  be  had  of  any  width. 

Marble  block  papers,  to  look  well,  should  be  hung  very 
carefully.  They  are  now  generally  sent  out  lined,  and  very 
often  yamished  ready  for  use. 

Common  or  pulp  paper  is  a  wallpaper  whose  body  is  of 
the  general  surface  or  ground  color. 

MEASUREMENTS   FOR    PAPERING 

The  methods  of  measurement  vary  to  a  considerable  ex- 
tent in  difTerent  localities.  Some  measure  all  walls  as  solid, 
without  deductions  for  ordinary  openings,  except  in  the  case 
of  double  doors,  etc.;  while  others  deduct  one-half  of  a  sin- 
gle roll  of  paper  for  each  ordinary  door  or  window. 

Another  method  is  to  measure  all  surfaces  carefully,  and 
deduct  actual  openings,  allowing  a  little  for  waste.  No  de- 
duction is  usually  made  for  a  border  where  used,  since  the 
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extra  paper  allowed  will  help  to  make  up  for  the  I068  in 
matching,  trimming,  etc. 

If  there  are  large  openings  in  a  room,  or  if  a  high  base- 
board,  a  wide  frieze,  or  a  dado  is  used,  allow  for  these  quan- 
tities in  taking  the  surface  to  be  covered.  It  is  always  policy 
to  allow  a  little  more  paper  than  is  actually  needed  for  tbe 
wall  surface  to  be  covered. 

Figuring  Number  of  Rolls  Required 

A  single  roll  of  ordinary  wallpaper  is  8  yds.  long  by  18  in. 
wide;  and  a  single  roll  of  Ingrain,  felt,  or  cartridge  paper  is 
8  yds.  long  by  30  in.  wide.  A  single  roll  of  one-strip  border 
is  8  yds.  long  by  18  in.  wide.  A  single  roll  of  two^trip  bor- 
der is  the  same  length  and  width,  and  contains  therefore  16 
yards  of  border.  Common  wallpaper  is  put  up  in  double 
rolls;  and  ingrain,  felt,  or  cartridge  paper  is  put  up  in  triple 
rolls.    Prices  are  quoted  on  single  rolls. 

To  determine  the  quantity  of  paper  required  to  cover  a 
room,  divide  the  surface  area  (sq.  ft.)  to  be  covered  by  30. 
which  will  give  a  fairly  approximate  estimate  of  the  number 
of  single  rolls  of  common  paper  required,  with  allowance 
made  for  trimming  and  natching. 

If  the  paper  is  36  in.  wide,  one-half  the  above  number  of 
rolls  will  be  required. 

If  the  paper  is  30  in.  wide,  and  8  yds.  long,  two-thirds  of 
the  above  number  will  be  needed. 

As  an  example,  suppose  that  it  is  desired  to  find  the  num- 
ber of  single  rolls  of  paper  needed  for  a  room  12  by  15  ft 
with  a  10-ft.  ceiling;  also  the  number  of  rolls  of  border  re- 
quired. 

The  distance  around  the  room  is  54  feet  The  wall  sui^ 
face,  therefore,  is  54x10.  This  area,  divided  by  30,  gives  IS 
rolls  of  common  paper  needed. 

If  there  were  two  doors  and  three  windows  of  ordinary 
size  in  this  room,  an  allowance  of  20  sq.  ft.  for  each  opening 
might  be  made.  This  would  bring  the  surface  area  down  to 
440  sq.  ft,  with  a  corresponding  decrease  in  the  quantity  of 
paper  needed,  to  15  rolls. 

Since  the  distance  around  the  room  is  54  ft  (or  18  yds.), 
and  a  2-strip  roll  of  border  contains  16  yd&  of  border,  1% 
rolls  of  border  would  be  needed. 

If  the  ceiling  of  this  room  was  to  be  papered  also,  there 
would  be  180  sq.  ft.  of  surface  to  be  covered,  which  would 
require  6  rolls  of  common  paper,  or  3  rolls  of.  36-in*  wide 
paper.  j 
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The  waste  to  be  allowed  for  trimming  and  matching  will 
approidmate  1  roll  in  every  8  single  rolls. 

One  gallon  of  paste  should  be  allowed  for  each  9  rolls  of 
ordinary  paper. 

Table  5  will  give  the  approximate  number  of  single  rolls 
of  common  paper  needed  for  rooms  of  different  size  and  dif- 
ferent heights  of  ceiling. 


TABLE  5 
Single  Rolls  of  Common  Paper  Needed  for  Rooms  of  Various 

SIZjBS 

(Ceilings  not  included) 


Bistonoe  Arqund 
Room  in  Feet 


20. 

25. 

30. 

35. 

40. 

45. 

50. 

55. 

60. 

65. 

70. 

75. 

80. 

85. 

90. 

95. 
100. 
105. 
110. 
115. 
120. 
125. 
130. 
135. 
140. 
145. 
150. 


9  Ft. 


6 
8 
9 
11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 
29 
30 
32 
33 
35 
36 


41 
42 
44 
45 


HEIGHT  OP  ROOM 


10  Ft. 


11  Ft. 


7 

8 

8 

9 

10 

10 

10 

11 

12 

12 

13 

14 

14 

15 

16 

15 

17 

18 

17 

19 

20 

19 

21 

22 

20 

22 

24 

22 

24 

26 

24 

26 

28 

25 

28 

30 

27 

30 

32 

29 

32 

34 

30 

33 

36 

32 

35 

38 

34 

37 

40 

35 

39 

42 

37 

41 

44 

39 

43 

46 

40 

44 

48 

42 

46 

50 

44 

48 

52 

45 

50 

54 

47 

52 

56 

49 

54 

58 

50 

55 

60 

12  Ft. 
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TABLE  6 
Quantity  off  Wallpaper  and  Border  Required  for  Varioue-Slzed 

(Papering  of  ceilings  not  induded) 


DimeDoions  of  Room 
an  Feet) 

Height 
ofCeU- 
in«.  Ft. 

Number 

of 
Doon 

Number 

of       1 

Windoira 

Rolh 
of       1 
Paper 

BOfQCC 

7  X  e         

8 

9 

10 

12 

8 

0 

10 

12 

8 

9 

10 

12 

8 

9 

10 

12 

8 

9 

10 

12 

8 

9 

10 

12 

8 

9 

10 

12 

8 

9 

10 

12 

9 

10 

12 

9 

10 

12 

10 

12 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

6 

7 

8 

10 

7 

8 

9 

11 

8 

10 

11 

13 

9 

10 

11 

13 

8 

9 

10 

13 

8 

10 

11 

14 

10 

11 

13 

15 

10 

11 

13 

16 

12 

14 

17 

13 

15 

19 

16 

19 

11 

7x9                  

11 

7x9               

11 

7  X   9 

11 

8  X  10 

12 

8  X  10              

12 

8  X  10 

12 

8  X  10 

12 

9x  11              

14 

9x  11.  .           

14 

9x11                          

14 

9x  11               

14 

10  X  12 

u 

10  z  12 

IS 

10  X  12               

15 

10  z  12 

15 

11  z  12 

16 

11  X  12.          

16 

11  X  12 

16 

11  X  12                  

16 

12x  13 

17 

12z  13 

17 

12  z  13.            

17 

12z  13 

17 

12  z  15  or  13  z  14 

18 

12  z  16  or  13  z  14 

18 

12  z  16  or  13  z  14 

18 

12  z  15  or  13  z  14 

18 

13x  16 

19 

13  X  16 

19 

13  X  15 

19 

13  X  15 

19 

14  X  16 

20 

14  X  16 

20 

14  X  16 

20 

14  X  18 

22 

14  z  18 

22 

14  z  18 

22 

iS  z  16 

21 

16x  17       

22 
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Table  6,  taken  from  the  New  York  ''Newsdealer/'  gives 
estimated  quantities  of  wall  paper  and  border  required  for 
rooms  of  various  sizes. 

Deduct  one-half  roll  of  paper  for  each  ordinary  door  or 
window  extra — size  4  by  7  ft. 

Labor  Costs  in  Paperhanging 

A  paperhanger  will  paste  and  hang  about  1^  rolls  of  paper 
per  hour. 

Where  new  walls  are  to  be  papered,  it  is  safe  to  allow 
%  hour  for  each  roll  of  paper,  for  preparing  wall  surface  to 
receive  paper. 

Where  wallpaper  is  to  be  removed  before  putting  on  new 
paper,  labor  costs  will  depend  on  the  difficulty  found  in  each 
case.    An  average  value  would  be  H  l^our  per  roll  of  paper. 

Time  required  in  all  work  varies  according  to  care  taken, 
and  also  with  the  quality  of  the  paper  used.  Common,  cheap 
papers  are  difficult  to  hang  well,  as  they  are  likely  to  tear 
with  their  own  weight  when  saturated  with  paste. 

Where  walls  are  papered  in  two  heights,  as  in  the  case 
of  a  room  with  a  dado  rail,  the  cost  of  hanging  is  increased 
about  15  per  cent 

For  ceilings,  add  about  hi  bour  extra  per  roll. 
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Builders'  Hardware 

The  term  "Builders'  Hardware"  today  covers  all  metallic 
mechanical  fittings  used  In  building  construction.  Nails, 
screws,  and  bolts  are  used  to  hold  together  integral  parts  to 
form  the  whole.  Loclcs,  latches,  catches,  bolt%  and  hodcs 
are  used  to  hold  temporarily  some  adjustable  member  of  a 
construction  in  a  fixed  place  for  a  certain  purpose.  Hinges 
and  butts  are  used  as  a  means  of  easily  moving,  by  a  swing- 
ing motion,  some  part  of  a  structure  which  it  is  convenient 
to  have  in  various  positions.  Escutcheons,  push-plates,  etc^ 
form  a  protection  from  wear  to  the  member  on  which  tbey 
are  used. 

It  is  useless  to  try  to  describe  standards  in  builders'  hard- 
ware, since  manufacturers  of  the  same  article  use  different 
patterns  and  even  different  materials  for  producing  the  same 
effect.  For  example,  locks,  butts,  and  hinges  may  be  made 
in  various  proportions  and  shapes,  each  having  its  distinctive 
object  and  merit;  while,  again,  each  type  may  be  made  of 
a  variety  of  metals  such  as  cast  iron,  wrought  iron,  wrought 
steel,  brass,  or  bronze,  the  cost  varying  with  both  the  type 
and  the  metal. 

The  articles  of  builders'  hardware  used  in  an  ordinary 
residence  may  be  divided  into  the  following  classes: 

1.  Fittings  for  doors,  blinds,  and  shutters; 

2.  Fittings  for  windows  and  transoms; 

3.  Miscellaneous  fittings. 

FINISHES  FOR  HARDWARE 

Finishes  for  hardware  vary  all  the  way  from  a  coat  of  or- 
dinary paint  up  to  gold  plating.  The  cheaper  forms  of  butts, 
locks,  hooks,  etc.,  are  Japanned.  This  process  gives  a  satis- 
factory wearing  coat  which  looks  well  and  is  a  good  pro- 
tection against  rust.  When  plain  hardware  is  to  be  used,  it 
is  commonly  buffed  by  the  use  of  a  rapidly  revolving  emerr 
wheel.  The  finer  the  wheel,  the  higher  the  grade  of  surface. 
Very  bright  surfaces  are  produced  by  the  use  of  a  cloth  wheel 
saturated  with  rouge. 

When  iron  or  steel  hardware  is  used,  it  should  be  pro- 
tected in  some  manner  from  the  effects  of  rust  Japans, 
lacquers,  and  even  paints  or  varnishes  are  used  for  this 
purpose.     Plating  with  copper,  brass,  or  bronse  Is  effectlTe. 
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and  even  dipping  in  a  copper  solution  or  in  molten  tin  is  re- 
sorted to  as  a  protectixe  coating. 

The  Bower-Barff  proceaa  is  one  of  the  best  finishes  for 
indoor  hardware,  but  is  not  suitable  for  exposed  outdoor 
woi;^  The  process  consists  in  a  chemical  change  in  the 
outer  surface  of  the  iron  or  steel,  effected  in  a  high-tempera- 
ture furnace.  The  result  is  a  permanent,  lustrous  black  color 
which  needs  no  additional  protective  coating.  While  this 
finish  is  almost  unexcelled  for  interior  work,  yet,  when  ex« 
posed  to  the  action  of  dampness  in  unprotected  locations, 
rust  forms  in  the  small  pits  which  are  liable  to  occur  dur- 
ing the  process,  and  spots  develop  which  in  time  cause  the 
skin  of  the  finish  to  flake  off  around  the  spots,  thus  leaving 
the  metal  unprotected. 

For  cast  or  wrought  brass  or  bronze,  the  natural  surface 
polished  or  subjected  to  the  action  of  a  sand-blast  forms  an 
attractive  finish.  In  places  where  wear  and  handling  are  not 
excessive,  a  coat  of  colorless  lacquer  may  be  given  to  pre- 
vent tarnishing.  Fancy  finishes  are  given  to  brass  and  bronze 
by  the  application  of  chemical  solutions  which,  instead  of 
coloring  the  surfaces,  really  discolor  them.  These  finishes 
do  not  wear  well  when  handled. 

Gold  and  silver  plating  are  used  in  some  cases  in  high- 
class  work  for  parlors,  libraries,  halls,  etc.  Gold-plating,  vary- 
ing in  thickness  according  to  the  use  of  the  article  plated, 
is  a  permanent  finish  which  requires  no  care  or  cleaning. 

For  plated  articles  which  are  handled  but  little,  a  thick- 
ness known  as  single  plate  is  all  that  is  necessary.  For 
knobs,  handles,  etc.,  a  thickness  known  as  triple  plate  should 
be  used. 

Silver-plating  wears  well,  but  should  be  used  only  on 
plain  surfaces  which  can  be  cleaned  easily.  The  action  of 
sulphurotui  gases  tarnishes  silver,  and  articles  coated  with 
BMth  a  plating  are  subject  to  constant  attention. 

iNDiCATINQ  SIZE  OP  BUTTS 

Ordinary  butts  used  in  building  are  square  when  open. 
When  special  forms  are  designated  in  catalogues — as  a  3  by 
2V6,  for  instance — ^it  means  that  the  butt  is  3  inches  high  by 
2%  inches  wide  when  open.  The  first  figure  Indicates  height. 
The  common  sizes  for  interior  doors  are  the  4  to  5-inch  sizes; 
while  for  heavier  doors  or  entrance  doors,  the  5  to  6-inch 
sizes  are  used.  In  some  cases  where  a  light  hinge  would 
be  sufficient  to  carry  a  door,  but  where  the  finish  around  the 
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|0.  1.    Firat-Floor  Plan  of  a  Home,  llluatniting  DiatinetiM 
betwaen  "Right-Hand"  and  "Left-Hand"  Doora. 
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door  preventfl  it  from  swinging  clear  back  against  the  wall» 
it  may  be  necessary  to  use  a  larger  butt  In  order  to  allow 
the  knuckles  to  project  out  far  enough  so  that  the  door  when 
opened  will  not  strike.  The  rule  is  to  allow  the  knuckles  to 
pi^Ject  a  little  more  than  one-half  the  distance  from  the  sur* 
face  of  the  hanging  stile,  where  the  hinge  is  attached,  to 
the  surface  of  the  finish  on  the  casing  on  the  knuckle  side 
of  the  door. 

LOCKS  FOR  USE  ON  DIFFERENT  TYPES  OF  DOORS 

One  of  the  largest  and  oldest  lock-manufacturing  con* 
cems  recommends  the  following  locks  for  various  parts  of 
the  house:  ^ 

For  main  floor  swinging  doors,  4  or  i^-ia.  2-bolt  knob 
locks. 

For  sliding  doors,  5^-in.  locks,  containing  dead-bolt,  and 
a  pull  to  withdraw  door. 

For  bedroom  doors,  a  5-in,  3-bolt  knob  lock,  the  third  bolt 
being  a  thumb-bolt  operated  from  the  inside;  or,  for  cheaper 
construction,  a  4-in.  2-bolt  knob  lock,  with  separate  thumb* 
bolt  if  wanted. 

In  case  of  communicating  rooms,  a  thumb-bolt  operated 
from  the  opposite  side  of  the  door  may  take  the  place  of  the 
dead-bolt  in  the  3-boIt  knob  lock.  / 

Closet  doors  may  have  a  4-in.  2-bolt  knob  lock,  with  trim 
on  both  sides  or  only  on  the  outside,  as  depth  of  closet  will 
permit  ' 

Basement  and  attic  doors  may  have  3%  or  4-in.  mortise 
locks  of  a  cheaper  grade  than  used  in  other  parts  of  house. 

Bathroom  doors  may  have  any  form  of  good  knob  lock* 
but  should  be  fitted  with  a  thumb-bolt  either  as  a  part  of  or 
separate  from  the  lock. 

HAND  OF  A  DOOR 

The  terms  right-hand  and  left-hand  are  used  in  designat- 
ing butts  and  locks.  And  a  few  words  of  explanation  will 
be  in  place. 

Fig.  1  shows  a  fioor-plan  of  a  house,  with  the  doors 
marked  R.  H.  for  right  hand,  and  L.  H.  for  left  hand,  as  the 
case  may  be.  The  rules  which  govern  the  marking  of  this 
diagram  are  as  follows: 

'  The  hand  of  a  door  Is  determined  from  the  outside,  this 
being  the  street  side  in  case  of  an  entrance  door;  the  hall 
or  corridor  side,  for  a  room  door;  and  the  room  side,  for  a 
closet  or  clothes-press  door. 
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In  the  case  of  a  door  between  two  communicating  roomi^ 
the  outside  is  the  side  from  which  the  butts  are  not  visfbia 
when  the  door  is  closed. 

If,  when  standing  outside  a  door  as  explained  above,  the 
hinges  or  butts  are  on  the  right-liand  side,  it  is  a  right-hand 
door;  if  on  the  left  side,  it  is  a  left-hand  door. 

SELECTING  AND  BUYING  HARDWARE 

When  it  comes  to  the  selection  of  the  hardware  for  m 
building,  the  question  as  to  whether  cheap,  medium,  or  high- 
grade  material  shall  be  used  depends  largely  upon  the  char* 
acter  of  the  building,  and  whether  it  is  for  private  use  or 
for  sale  or  renting  purposes.  If  for  private  use,  the  differ- 
ence in  cost  between  a  cheap  grade  of  hardware  and  a  me- 
dium grade,  with  some  of  the  more  important  articles  such 
as  locks  or  butts  of  high  grade,  will  be  more  than  oflCset  in 
the  long  run  by  the  wearing  qualities  of  the  goods.  Broken 
hardware,  aside  from  the  replacing  value,  is  often  expensive 
and  troublesome  to  renew. 

Care  should  be  taken  in  choosing  the  types  of  locks,  butts, 
etc.,  used,  as  the  general  finish  of  the  building  should  deter> 
mine  largely  the  size  and  design  to  be  purchased.  Catalogues 
of  the  different  manufacturers  usually  explain  in  detail  the 
finishes  and  characteristics  of  their  different  articles,  and  it  Is 
considered  to  be  good  policy  to  use  the  line  of  some  reputa- 
ble concern  throughout  This  insures  harmony  in  design, 
and  prevents  confusion  in  fitting  pieces  In  their  proper 
places. 

If  possible,  procure  samples  of  each  article  to  be  nsed, 
and  examine  carefully  before  bulging.  The  experience  of  an 
architect  who  has  handled  the  same  line  of  goods  In  other 
buildings  is  valuable.  See  the  actual  articles  under  similar 
circumstances,  if  possible,  and  note  the  conditions  of  wear 
and  appearance. 

When  listing  the  hardware  needed,  a  careful  list  should 
be  made,  containing  the  name  of  each  article,  the  quantity 
desired,  any  necessary  features  it  must  possess  which  are 
out  of  the  ordinary,  and  its  exact  location  in  the  building. 
Costs  may  now  be  easily  arrived  at  by  making  up  this  list 
in  the  cheap-grade,  medium-grade,  and  high-grade  qualities. 
Then,  by  finally  deciding  upon  a  combination  of  articles 
from  the  three  lists,  the  cost  may  be  kept  within  desired 
bounds. 

A  plan  of  each  floor  of  the  building  showing  locations  of 
doors,  windows,  closets,  etc.,  may  be  used  to  advantage  la 
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ooniiectlon  with  such  a  list  as  that  just  mentioned.  Each 
door  or  window  should  be  given,  a  number  which  will  serve 
to  locate  the  hardware  on  the  list  when  tagged  with  a  sim- 
ilar number.  It  is  good  policy  to  give  each  different  article 
on  the  list  a  number  to  designate  what  the  article  is,  and 
whether  it  is  for  a  door,  window,  transom,  miscellaneous, 
etc. 

In  the  following  example,  articles  for  doors  are  numbered 
from  1  to  30;  for  windows,  from  30  to  50;  and  miscella- 
neous, from  50  upwards.  First-fioor  doors  are  numbered  from 
100  to  150;  first-floor  windows,  from  150  to  190;  and  closets 
and  cupboards,  from  190  to  200.  Second-floor  doors  are  num- 
bered from  200  to  250,  etc. 

On  the  plan,  at  each  door,  window,  closet,  or  other  place 
where  hardware  is  needed,  insert  the  number  standing  for 
the  article  needed  at  that  place.  In  that  way  the  number  of 
pieces  of  each  article  desired  can  be  readily  counted  up  on 
the  plans. 

The  plans  shown  in  Plate  m  are  marked  in  the  way  indi* 
cated.  From  the  list  of  articles  following,  numbered  as  sug- 
gested, a  quantity  sheet  has  been  made  up.  This  sheet  is 
only  approximate,  as  its  sole  object  is  to  show  the  method 
to  be  followed.  * 

Hardware  for  Doors 

1 — ^Loose-pin,  wrought  steel,  Bower-Barffed,  butts  with  tip, 
4  in.  by  4  in. 

2 — ^Loose-pin,  wrought  steel,  Bower-Barffed,  butts  with  tip, 
2  in.  by  2  in. 

3— Knob-latches,  R.  H. 

4 — Knob-latches,  L.  H. 

5 — ^Knob-latches,  stopwork  and  pass  key,  R.  H. 

&^Knob-latches,  thumb-bolt,  R.  H. 

7 — ^Knob-latches,  thumb-bolt,  L.  H. 

8 — ^Knob-latches,  dead-bolt,  R.  H. 

9 — ^Knob-latches,  dead-bolt,  L.  H. 

10— Brass  knobs. 

11 — Mineral  knob. 

12 — ^Jet  knob. 

13— Chain-bolt 

14 — Double-acting  butts. 

15 — ^Push-plate. 

16 — Heavy  iron  bolt. 

17 — Push-button  for  electric  bell. 

18— T-hinge,  14  in. 
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1&— Padlock  and  chain. 
aO— Heavy  iron  thumb-latch. 

Hardware  for  Windows 
SI — ^Ftot-pin,  plain  steel  butts,  3  in.  by  3  in. 
32 — Pulleys,  2  in.  on  running  face. 
33— Sash-lifts,  hook. 

34— Sash-Ufts,  handle.  ' 

35 — Cellar  window  fastener. 
36 — ^Wire  hook  and  eye. 
37 — Sash-lock. 
38 — Sash-cord. 
39— Sash-weights. 

Miscellaneous  Hardware 
51 — ^Drawer-pulls. 
52 — Cupboard  spring  catches. 
63 — ^Elbow  catches. 

54 — Loose-pin  butts,  with  tips,  3  in.  by  3  in. 
55 — ^Towel  hooks. 
56 — Coat  hooks. 
67 — ^Wardrobe  hooks. 
68— Wire  closet  hooks. 
69 — ^Toilet-paper  holder. 
60 — Hinges  for  flour  bin. 

TYPICAL  SCHEDULE  FOR  ORDERING  HARDWARE 

The  accompanying  schedule  of  hardware  is  typical  for 
use  in  a  modem  residence.  This  schedule  is  designed  to 
help  the  carpenter,  the  architect,  and  the  hardware  trimmer. 
It  contains  the  information  required  to  make  a  perfect  work- 
ing list  of  goods.  It  is  suggested  that  the  carpenter,  the 
architect,  and  the  hardware  trimmer  adopt  this  schedule  as 
a  regular  form.  If  the  order  has  to  be  sent  in  to  the  hard- 
ware  manufacturer,  it  cannot  be  supplied  correctly  unless 
most  of  this  information  is  sent  in  with  the  order. 

Schedule  of  Hardware  for  Typical  Residence 
First  Floor 
Dull  brass  finish  on  front  of  double-acting  door  to  pantry 
and  on  front  of  door  from  hall  to  rear  hall;  Bower-Barff  finish 
<m  rear  part. 

1  single  1%-in.  front  entrance  sash  door,  3  ft  by  7  ft  6  in.,  rt 
26-in.  glass. 
1%  prs.  brass  butts,  4^  by  4^,  dull  brass  finish. 
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1  push  batton  to  matcH 

1  set  cyl.  front  door  lock;  knobs  and  escutcheons.  Change 

A. 
Note:   Change  A  refers  to  pattern  of  key  for  lock. 
1  sgl.  1%-in.  vest  sash  door,  3  ft  by  7  ft  6  in.,  rt  hd.    264b. 
glass. 
1%  prs.  steel  butts,  4%  by  4%,  dull  brass  finish. 
1  set  cyl.  vest  lock;  knobs  and  escutcheons;  Change  A. 
1  double  sliding  door,  hall  to  parlor,  6  ft  by  7  ft  6  in.  open- 
ing. 
3  sliding  door  pulls,  dull  brass  finish. 
6  cup  escutcheons;  no  keyholes. 
1  l%4n.  door,  hall  to  coat  closet,  2  ft.  6  in.  by  7  ft 
1  pr.  steel  butts,  4  by  4,  dull  brass  finish. 
1  set  1-tumbler  locks;  knobs  and  escutcheons. 
1  1%-in.  door,  hall  to  back  hall. 
1  pr.  butts,  4  by  4,  Bower-Barff  finish. 
1  set  thumb-bolt  lock,  knobs,  and  escutcheons;  dull  brass 
and  Bower-Barff.    Thumb-piece  in  front  hall  so  servant 
is  locked  in  servant's  portion  of  the  house. 
1  1%-in.  double-acting  door,  dining  room  to  butler's  pantry. 
1  set  spring  hinges,  dull  brass  and  Bower^Barft 
1  push-plate,  dull  brass  finish. 
1  push-plate,  Bower-Barff  finish. 
1  door  holder,  Bower-Barff  finish. 
1  mortise  thumb-bolt,  dull  brass  finish. 
Thumb-piece  in  dining-room  to  lock  against  servants. 
1  1%-in.  door,  kitchen  to  pantry. 
1  pr.  butts,  4  by  4,  Bower-Barff  finish. 
1  set  1  tumbler  lock,  knob  and  escutcheons,  Bower-Barff 
finish. 
t  single-sliding  door,  hall  to  dining  room,  3  ft.  by  7  ft  6  in. 

opening. 
1  1%-in.,  kitchen  to  basement 
1  pr.  butts,  4  by  4,  Bower-Barff  finish. 
1  set  1  tumbler    lock,  knob  and   escutcheon,   Bower-Bailf 

finish. 
1  mortise  thumb-bolt 
1  1%-in.  rear  entrance  door  to  kitchen. 
1%  pr.  butts,  4  by  4,  Bower-Barff  finish. 
1  set  3-tumbler  locks,  knobs  and  escutcheons,  plain  bronas 

and  Bower-Barff. 
1  cyl.  rim  night  latch.    Change  fi. 
1  door-fast 
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Note:    Change  B  is  to  differ  from,  yet  to  be  passed  by  | 

Cbange  A,  which  are  alike. 

1  pr.  1^-in.  open-in  French  doors,  porch  to  living  room,  open 
"90  degrees,  2  ft.  by  7  ft  6  in. 
3  pr.  brass  butts,  4^  by  4^,  dull  brass  finish. 

2  lever  extension  bolts  on  edge,  12-in.  and  18-in.  rod. 

1  set   thumb-bolt  lock,   1%-in.   backset;    lever  with   oval 

rosette;  outside  knob  with  2^-in.  rosette,  and  thumb* 
knob  Inside  for  2^'in.  stiles  with  T  astragal. 
1  pr.  1^4 -in.  open-in  French  doors,  porch  to  dining  room,  open 
180  degrees.  2  ft  by  7  ft  6  in. 

3  pr.  brass  butts,  4^  by  6,  dull  brass  finish. 

2  flush  extension  bolts  on  face  of  door,  12-in.  and  18-in. 

1  set   thumb-bolt   lock,   1%-in.   backset;    lever   with   oval 

rosette;  outside  knob  with  2H-in,  rosette,  and  thumb- 
knob  inside  for  rabbet  ^-in.  deep,  stiles  5-in.  between 
glass. 
The  above  lock  can  be  put  in  upside  down,  so  hand  of  door 
need  not  be  noted. 
1  pr.  1%-In.  open-out  French  doors,  2  ft,  by  7  ft  6  in. 

3  pr.  brass  pin  galvanized  butts  and  screws,  4^  by  4V6. 

2  flush  extension  bolts  on  face  of  door,  12-in.  and  18-ln., 

dull  brass  finish. 
1  set  thumb-bolt  lock,  2-in.  backset,  lever  and  oval  rosettes 
both  sides  of  door,  with  thumb-knob  inside  for  2^-In. 
stiles,  with  T  astragal  on  outside. 
1  pr.  1%-ln.  open-In  French  windows  on  dining  room,  2  ft  by 
7  ft  6  In.;  open  90  degrees. 

3  pr.  butts,  brass,  4i^  by  4%. 

1  Cremome  bolt,  dull  brass  finish,  7  ft.  6  in.  long,  knob  in 
middle. 
1  single  1%-in.  open-in  casement  sash,  dining  room.  18-in. 
glass;  open  90  degrees. 

1  pr.  brass  butts.  3^  by  3%  in. 

1  ring  handle,  fast  with  wide  strikes. 

1  adjuster,  12-ln.  rod,  stool  depressed  %  In.  and  stool  2^ 
in.  wide. 
1  single  1%-in.  open-in  casement  sash,  18-in.  glass;  open  180 
degrees. 

1  pr.  Stanley  parliament  loose-pin  butts,  6-in.,  dull  brass. 

1  fast,  as  above. 

1  adjuster,  as  above. 
1  pr.  1%-in.  open-in  recessed  casement  sash;    open  90  de- 
grees. 
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2  pr.  Stanley  parliament  loose^pfn  butts*  6  in. 
2  flush-bolts,  e-in.,  having  %-in.  angle. 

1  fast,  as  above. 

2  adjusters,  as  above. 

1  single  1%  open-out  casement  sash. 

1  pr.  brass-pin  galv.  butts,  3^  by  3%. 

1  ring  handle,  fast  with  narrow  strikes. 

1  adjuster, 
i  double-hung  sash,  front 

1  Diamond  sash-fast,  dull  brass. 

2  bar  sash-lifts,  dull  brass. 

1  jimmy-proof  ventilating  sash-stop.- 
1  double-hung  sash,  rear. 

1  Diamond  sash-fast.  Bower  Barft. 

2  bar  lifts. 

1  jimmy-proof  ventilating  sash  stop. 
1  book-case,  living  room;  1  pr.  1^  doors;  2  single  IVi  doon. 

7  pr.  butts.  2%  by  2. 
1  elbow  catch. 

1  cabinet  lock,  %-in.  backset,  right-hand  for  double  door. 

2  cabinet  locks,  %-in.  backset,  ^  right,  for  single  glass  door. 
2  cabinet  locks,  1%-in.  backset,  ^  right,  for  panel  door. 

5  key-plates. 

5  knobs  for  doors. 

8  drawer-knobs  for  small  drawers. 
4  drop-handles  for  large  drawers. 

1  buffet,  dining  room;  hardware  similar  to  that  for  book-caM 

above. 
Cases,  butler*s  pantry. 

Butts,  3  by  3,  on  bin,  hinged  at  bottonL 

Butts  on  doors,  2%  by  2,  Bower-Barff  finish. 

Elbow  catches,  japanned. 

Cupboard  turns,  Bower-Barff  finish. 
3-ft  pieces  Stanley  rail,  %-ln. 

Sheaves,  No.  110  and  screws  on  sliding  doors. 

Flush  lifts,  on  sliding  doors. 

Drawer-pulls,  on  drawers  and  bin. 
1  icing  door  on  rear  porch. 

1  pr.  galv.  butts.  3%  by  3%,  galv.  screws. 

1  flat-key  night  latch,  reverse  latch-bolt 

1  door-pulL 

Second  Floor 
Bull  brass  in  hall  and  chambers;  nickel  In  hath;  Bow«^ 
Barff  in  servants'  part. 
1  1%-in.  door,  front  hall  to  servants'  hall. 
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1  pr.  steel  butts,  4  by  4,  Bower-Barfl  finish. 

1  set  thumb-bolt  lock,  Bower-Barff  knob  and  escutcheon, 
rear;  octagon  glass  knob  and  thumb-knob  in  front  halL 
1  1%-in.  door,  hall  to  bath. 

1  pr.  butts,  4  by  4,  nickel-plated. 

1  set  thumb-bolt  lock  octagon  glass  knobs;  thumb-knob  in- 
side, key-plate  outside. 

Note:    Thumb-knob  spindle  cut  off  to  half  the  thickness  of 
door,  and  the  plug  key  is  an  emergency  key  from  out- 
side. 
1  1%-in.  door,  hall  to  chamber. 

1  pr.  butts,  4  by  4,  dull  brass  finish. 

1  set  thumb-bolt  lock,  octagon  glass  knob;  thumb-knob  in- 
side; key-plate  on  outside. 
1  1%-in.  closet  door. 

1  pr.  butts,  4  by  4,  dull  brass  finish. 

1  set  3-tumbler  lock,  octagon  glass  knobs  and  key-plates. 

1  1%-in.  communicating  door  between  chambers. 
1  pr.  butts,  4  by  4,  dull  brass. 

1  set  thumb-bolt  lock,  octagon  glass  knobs  and  thumb-knobs 

each  side  of  door. 

2  1%-in.  doors  from  2  chambers  to  1  closet  between  same. 

2  pr.  butts,  4  by  4,  dull  brass. 

2  sets  thumb-bolt  lock,  octagon  glass  knob  and  thumb-knob 
one  side  of  door. 

Note:    Put  thumb-knob  on  chamber  side  of  door. 
2  1%-in.  doors  from  2  chambers  to  closet  having  wash-bowl 
in  same. 

Use  same  hardware  as  above. 
1  1  %-in.  door  to  wash-bowl  closet 

1  pr.  butts,  4  by  4,  dull  brass  finish. 

1  set  mortise  latch,  octagon  glass  knob  with  closet  spindle 
inside. 
1  1%-in.  mirror  door  to  wardrobe,  3-in.  stile. 

1  pr.  butts,  4  by  4,  dull  brass  finish. 

1  set  mortise  latch,  IV^-in.  backset,  knob  as  abova 
1  1%-in.  door,  servants'  part 

Same  trimmings  as  kitchen. 
Windows  of  all  kinds. 

No  Jimmy-proof  sash-€tops  except  over  roofs. 
1  single  sliding  communicating  door,  chamber  to  bath. 

1  door-pull. 

1  cup  escutcheon,  nickel;  no  keyhole. 

1  cup  escutcheon,  dull  brass;  no  keyhole. 

1  Corbin  venUlaUng  bolt,  nickel  finish.  No.  1408. 
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1  Corbin  ventilating  bolt,  doll  brass  finish.  No.  140S. 
Put  these  bolts  in  the  side  of  the  near  stile,  and  the  piste 
on  the  sliding  door  stop. 
1  wardrobe  in  chamber;  1  pr.  1%-in.  doors;  drawer  below. 
3  pr.  butts,  3  by  3^,  dull  brass. 
1  elbow  catch  at  top. 
1  bolt  at  bottom,  3-in. 

1  half-mortise  cupboard  latch;    1-in.  baskset  and  thomb- 

knob. 

2  drawer  handles. 
1  medicine  case. 

1  pr.  butts,  2^  by  2,  nickeL 

1   half-mortise  cupboard  latch;    1-in.  backset  and  thomb- 
knob. 
1  linen  case,  haying  drop  fronts  and  36-in.  drawers. 

Butts,  2^  by  2,  dull  brass  finish. 

Forge  catches  and  screws.  No.  11,  two  to  each  drop. 

Drawer  knobs,  l^-in.,  one  to  each  drop. 

Stanley  desk  slides.  No.  430,  7%-in.,  one  to  each  drop. 

Drawer  handles,  two  to  each  drawer. 
1  1%-in.  secret  panel  door. 
1  pr.  Soss  hinges. 

1  mortise  latch  in  the  jamb,  no  knob  is  required. 

1  electric  opener  No.  151  in  the  door. 

1  push-out  spring  No.  79  in  door. 

1  Mite  push-button  No.  63,  located  in  some  hidden  place. 

If  secret  door  extends  down  to  the  floor  and  the  base  board 
is  attached  to  the  door,  Soss  hinges  cannot  be  used. 
Use  No.  53  Sargent  sash-center;  place  it  on  the  inside 
of  the  door  about  3  in.  from  hinge  edge. 
Miscellaneous. 

Base-knobs. 

Floor  door-stops. 

Window  and  sliding  door-stop  screws  and  washers. 

Coat  and  hat  hooks. 

SPECIFICATIONS  FOR  HARDWARE 

Specifications  for  hardware  generally  form  a  part  of  the 
general  specifications,  but  may  be  omitted  and  the  selection 
reserved  by  the  owner  or  architect  There  are  a  great  many 
plans  governing  the  specifications  when  inserted,  among 
which  are  the  following: 

1.  Hardware  specified  definitely; 

2.  Hardware  covered  by  a  fixed  allowance; 
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3.    Hardware  covered  by  allowing  a  fixed  sum  per  open- 
ing. 

Forms  of  specifications  should  be  drawn  np  by  an  archi- 


tect who  is  familiar  with  such  papers.     Contracts  for  fur-  | 

nlshing  the  hardware,  either  by  the  contractor  or  by  a  dealer  i 

or  manufacturer,  may  be  obtained  in  blank  form  ready  to  ] 

fill  in.  These  are  carefully  worded  and  cover  the  legal  side 
of  the  transaction. 

t  SIMPLE  FORM  OF  CONTRACT 

*  For  small  buildings,  when  the  quantity  and  value  of 
hardware  involved  is  small,  the  following  brief  form  may 
be  used: 

Contract  for  Furnishing  Hardware 

Contract  made  this day  of 19. . ., 

between ,  Owner,  and , » 

Contractor.  The  Contractor  agrees  to  furnish,  and  to  de- 
liver at all  of  the  hardware  stated  be- 
low, according  to  instructions,  drawings,  and  specifications 

made  by Architect,  for  the  sum  of 

$ The  hardware  covered  by  this  contract  is  as  fol- 
lows: 

(Here  insert  specifications.) 

The  owner  agrees  to  pay  the  Contractor  the  said  amount 

of $ as  follows:   

The  Con- 
tractor agrees  that  all  hardware  covered  by  this  contract 
shUl  be  of  standard  quality,  material,  and  finish;  that  deliv- 
ery of  the  same,  complete,  shall  be  made  within 

weeks  from  the  date  when  he  shall  have  received  all  neces- 
sary instructions  and  detailed  Information;  and  that  the  de- 
cision of  the  Architect  as  to  any  and  all  questions  relating 
thereto  shall  be  final  and  binding  upon  the  Contractor. 


H^ 


Sidewalks,  Curbs,  and 
Gutters 

The  common  types  of  sidewalks  consist  of  Portlaml 
cement  concrete,  bricks,  asphalt,  cinders,  or  grarel. 

WIDTH  OF  WALK 
The  width  of  walks  varies  to  some  extent,  with  their  lo- 
cation. On  residence  streets  in  small  cities,  walks  are  gen- 
erally from  4  to  6  ft  wide.  For  business  streets  and  streets 
solidly  built  up  with  large  buildings,  walks  will  average  8  or 
10  ft.  In  width,  and  in  some  cases  even  more. 

SLOPE  OF  SURFACE  OF  WALKS 
The  surface  of  walks  should  have  a  slope  vanring  from 
1  in.  In  3  ft  to  1  in.  In  5  ft,  depending  upon  the  kind  of  walk. 
Smooth  walks,  like  concrete,  should  have  a  slope  of  about 
1  in.  in  5  ft.  of  width,  while  the  steeper  slope  is  used  on 
walk's  with  a  rough  surface.  The  lower  edge  of  hard-surface 
walks  should  be  at  least  2  in.  above  the  ground  level  at  the 
Bide  of  the  walk,  In  order  to  allow  perfect  drainage  for  the 
surface. 

CONCRETE   SIDEWALKS 

The  ordinary  type  of  concrete  sidewalk  should  conalBt  of 
a  well-drained,  porous  sub-base  or  foundation;  a  base;  and 
a  wearing  or  surface  coat,  as  shown  in  Fig.  1.    The  sub-base 


Crosa-Section  of    Cement    Walk,    Showing    Various 
Parts. 

or  foundation  is  needed  to  provide  a  firm  bed  imder  the 
slab,  so  that  It  will  be  supported  evenly  at  all  points,  thus 
preventing  the  formation  of  cracks  in  the  slab  due  to  unequal 
support  at  difTerent  places  in  the  walk.  This  bed  should 
be  made  not  less  than  6  in.  deep,  and  of  porous  material, 
so  that  it  cak  be  easily  drained  in  order  to  prevent  collectloii 
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of  surface  water  under  the  slab  and  a  resulting  upheaval 
from  the  action  of  frost  In  localities  where  the  soil  is 
sandy  and  easily  drained,  the  sub-base  is  often  done  away 
with,  and  the  concrete  base  placed  directly  upon  a  well- 
compacted  excavation.  The  base,  or  slab  proper,  is  composed 
of  a  medium  mixture  of  concrete,  and  provides  the  body 
and  strength  of  the  walk.  This  base  should  be  at  least  4  in. 
thick. 

The  wearing  coat  is  composed  of  a  richer  mixture  of 
cement  and  sand,  or  cement  and  screenings,  and  is  used  as 
a  covering  for  the  main  slab.  For  ordinary  use,  1  in.  is  a 
common  thickness.  This  covering  serves  two  purposes:  It 
resists  wear  to  better  advantage  than  the  slab  proper,  and 
allows  the  application  of  a  better  finish  on  the  surface  of  the 
walk. 

In  describing  the  construction  of  a  cement  sidewalk,  let 
us  begin  with  the  sub-base  and  work  up.  The  first  step  is  to 
excavate  to  a  depth  of  11  in. — or  more,  if  necessary — to 
provide  for  perfect  drainage;  ram  and  tamp  the  ground 
thoroughly  and  evenly;  and  partly  fill  the  excavation  with 
clean,  large  cinders,  screened  gravel,  broken  stone,  or  brick- 
bats, any  of  which  should  pass  a  4-in.-mesh  screen  and  be 
collected  upon  a  1-in.  screen.  The  depth  of  this  bed  should 
be  such  that  about  .5  in.  will  be  left  above  the  filling  to  re- 
ceive* the  walk.  Tamp  this  drainage  foundation  well  and 
evenly,  wetting  thoroughly  while  tamping.     The  bottom  of 


Fig.  2.     Drainage  of  Foundation  by  Use  of  Ditch  and  Tile 

Drain, 
the  excavation  made  for  this  foundation  should  have  a  slope 
towards  the  curb  of  about  %  in.  to  the  foot,  in  order  to  allow 
the  water  which  may  collect  at  the  bottom  of  the  trench  to 
drain  to  one  side  of  the  trench,  where  it  may  be  removed, 
either  by  a  series  of  stone  drains  placed  every  10  or  12  ft.,  or 
by  means  of  a  stone-filled  ditch  and  tile  drain,  as  shown  in 
Fig.  2.  A  ditch  of  the  tjrpe  shown  in  Fig.  2  should  be  about 
12  in.  square  and  provided  with  4-in.  drain-tile.  Care  should 
also  be  taken  to  see  that  no  roots  of  trees  lie  near  bottom 
of  foundation. 


rr    ^ 
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'  If  the  excavation  trench  contains  any  soft  or  8p(nig7 
places,  these  should  be  removed,  and  the  holes  filled  with 
firm  material  and  packed  solidly.  When  the  ground  on  whidi 
the  sidewalk  is  to  be  placed  is  uneven,  and  i>arts  of  the  walk 
are  constructed  upon  filled  ground,  care  should  be  taken  in 
making  these  fills.  The  filling  material  should  be  placed  and 
tamped  in  layers  about  6  in.  thick,  and  in  no  case  exceeding 
10  in.  in  thickness.  This  fill  should  also  extend  at  least  1  ft 
beyond  the  borders  of  the  foundation  of  the  walk,  to  provide 
a  support  for  the  edge  of  the  walk.  The  slope  given  to  the 
Bides  of  the  fill  is  about  1  ft  rise  to  1%  ft  horizontal  ex- 
tension. 


MJ-U U- 
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Fig.  3.     Layout  for  Lumber  Forma  In  Ordinary  Sidewalk 
Construction. 

After  the  foundation  is  completed,  steel  or  lumber  forms 
are  placed  as  shown  in  Fig.  3  and  Plate  IV.  These  forms  are 
used  as  an  outline  of  the  concrete  part  of  the  sidewalk,  and 
serve  to  hold  the  base  and  wearing  coat  in  place  until  the 
concrete  has  hardened  sufficiently  to  hold  its  shape.  The 
side  parts  of  the  forms  should  be  made  of  such  height  that 
the  top  edge  of  the  form  may  be  used  as  a  guide  to  the  top 
grade  of  the  finished  walk.  The  side  of  the  forms  nearer  the 
curb  side  of  the  walk  should  be  set  lower  than  the  inner  side, 
so  as  to  allow  a  drainage  slope  of  about  ^  in.  to  the  foot 
across  the  width  of  the  walk.  The  partitions  shown  in  the 
figures  should  be  placed  in  such  a  manner  that  no  dimension 
of  the  base  slab  will  be  greater  than  6  ft,  and  so  that  no  In* 
dividual  slab  will  contain  more  than  36  sq.  ft 
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In  the  steel  type  of  form^  the  cross-partitions  are  held  in 
place  by  end-holding  devices,  and  are  adjustable  for  different 
lengths  of  slab.  When  lumber  forms  are  used,  it  is  common 
practice  to  hold  the  sides  and  partitions  in  place  by  stakes 
driven  Into  the  .ground  on  the  side  opposite  to  that  touched 
by  the  concrete,  as  shown  In  Fig.  3.  All  forms  should  be 
clean  and  free  from  old  concrete. 

When  the  forms  have  been  placed  and  lined  up  to  the 
proper  slope  and  direction  of  the  walk,  metal  forms  should 
be  smeared  with  some  form  of  mineral  oil  or  anti-sticklng 
compound,  and  lumber  forms  should  be  wetted  before  the 
concrete  for  the  base  Is  poured  into  place.  This  concrete 
consists  of  a  mixture  of  1  part  Portland  cement,  2V^  parts 
sand,  and  5  parts  broken  stone  of  a  quality  described  later 
in  Paragraph  2  and  3  of  the  "Specifications  for  Cement  Side- 
walks/' This  concrete  should  be  handled  rapidly  and  In  the 
manner  described  in  Paragraph  30  of  the  Specifications. 
Where  steel  forms  are  not  used,  a  steel  parting  strip,  for 
separating  individual  slabs  of  the  walk,  may  be  used  to 
advantage. 

In  some  types  of  steel  forms,  the  metal  parting  strip  is  left 
in  place  until  that  part  of  the  sidewalk  is  completed  and  has 
taken  on  Its  initial  set  Then,  when  the  metal  strips  are 
removed,  a  clean  Joint  %  in.  wide  is  left,  extending  through 
the  entire  thickness  of  the  concrete.  This  Joint  provides  for 
expansion  and  contraction,  and  allows  each  slab  to  become 
a  separate  member  in  itself.  No  large  expansion  joints  are 
needed  in  such  a  walk.  When  lumber  forms  are  used,  and 
the  concrete  of  each  part  of  the  walk  is  placed  by  using  the 
end  of  the  neighboring  slab  as  a  form,  although  distinct  joints 
may  exist,  they  are  not  of  sufficient  size  to  allow  for  ex- 
pansion. In  such  a  case,  a  %-in.  expansion  loint  should  be 
left  at  intervals  of  50  ft,  and  filled  with  paver's  pitch  or  some 
like  material,  as  described  in  Paragraphs  21  and  22  of  the 
Specifications. 

As  soon  as  a  part  of  the  base  Is  laid,  it  should  be  covered 
with  canvas  or  tar  paper  to  protect  it  from  dirt  or  from 
too  rapid  drying  out  After  each  batch  of  concrete  is  used 
in  placing  the  base,  and  before  the  base  has  commenced  to 
harden,  the  wearing  coat  should  be  placed  and  finished.  This 
necessitates  the  mixing  of  small  batches  of  concrete  of  not 
over  1  cu.  yd.  when  placing  the  base,  in  order  to  be  able 
to  use  all  of  the  concrete  mixed  before  the  first  slabs  laid 
have  hardened  too  much  to  receive  the  wearing  coat  with 
safety.    The  size  of  the  batch  will  be  regulated  by  the  number 
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of  full  slabs  which  may  be  filled  in  completely  before  the 
first  slabs  begin  to  harden,  since  it  is  not  good  policy  to 
leave  off  placing  concrete  at  a  point  between  the  diTidfng 
strips.  If  part  of  a  batch  of  concrete  is  left  over  trom 
one  lot  of  slabs,  do  not  use  it  on  the  next  if  it  shows  p^- 
ceptlble  hardening  or  during  out  A  small  amount  of  concrete 
saved  in  this  way  may  ruin  the  Job. 

When  placing  the  wearing  coat,  care  should  be  tikea 
to  see  that  the  top  surface  of  the  base  Is  fresh,  clean,  and 
damp.  Any  part  which  has  set  should  be  taken  up  and  pat 
down  again  new  for  best  results.  As  specified,  this  sorbce 
coat  consists  of  1  part  of  Portland  cement  and  not  more  tban 
2  parts  of  fine  aggregate,  such  as  sand  or  screenings.  A 
thickness  of  about  %  In.  or  1  in.,  for  ordinary  work,  is  placed 
on  the  base,  and  leveled  down  with  a  straight-edge  to  brtn; 
all  parts  of  the  surface  to  grade.  The  finish  is  applied  as 
described  in  Paragraph  36  of  the  Specifications. 

Care  must  be  taken  not  to  trowel  this  wearing  coat  to 
such  an  extent  that  neat  cement  will  be  fiushed  to  the  slI^ 
face.  The  result,  in  that  case,  would  be  the  formation  of 
hair-cracks  and  crazing. 

Where  lumber  forms  are  used,  it  is  customary  to  locate 
the  joints  in  the  base  by  marking  the  side  forms.  In  this 
way  the  Joints  are  usually  located  when  cutting  through  the 
wearing  surface  in  the  process  of  finishing.  Care  should  be 
taken  to  see  that  these  cuts  extend  through  the  entire  slab. 

Always  end  a  day's  work  at  the  end  of  a  slab.  An  exterior 
Joint  will  mean  a  crack  at  that  point  at  some  later  time 

Do  not  allow  any  part  of  the  walk  to  bear  directly  against 
any  solid  body,  such  as  stone  curb,  building,  poet,  manhole 
rim,  etc.  Leave  about  %  in.  between  the  sidewalk  slab  and 
such  bodies.  This  space  may  be  obtained  during  constraction 
by  the  use  of  thick  tar  paper  or  felt,  waterproofed  with  any 
of  the  reliable  waterproof  paints;  and  such  precautions  may 
prevent  disastrous  cracks  due  to  expansion  and  contraction 
of  the  neighboring  bodies  because  of  temperature  changes. 

Where  a  sidewalk  is  exposed  to  severe  wearing  conditions, 
the  base  should  be  made  at  least  6  in.  thick,  and  the  wearing 
coat  1  in.  or  over  in  thickness.  At  crossings,  the  wearing 
coat  should  be  1%  in.  or  over. 

As  soon  as  finished,  the  walk  should  be  kept  covered  with 
canvas  or  tar  paper  to  protect  it  from  the  rays  of  the  son 
and  from  the  wind,  in  order  that  the  concrete  may  not  dry 
out  too  quickly.  This  covering  should  be  weighted  down, 
and  raised  a  few  inches  so  as  not  to  touch  the  surface  (A 
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the  walk.  After  the  concrete  has  set  hard,  the  walk  may  be 
sprinkled  two  or  three  times  a  day  for  a  week  or  more. 
Some  builders  use  a  covering  of  sand,  removing  it  when  the 
walk  has  thoroughly  hardened.  Such  a  covering  gives  good 
protection,  if  of  sufficient  depth.  The  sand  tends  to  hold  the 
moisture  In  the  concrete  and  thus  aid  the  process  of  harden- 
ing. 

If  a  color  other  than  the  natural  color  of  concrete  is  de- 
sired, lampblack  or  mineral  colors  may  be  mixed  dry  with 
the  materials  for  forming  the  wearing  coat  Proportions 
of  mineral  colors  range  from  2  to  5  per  cent  of  the  weight 
of  the  cement  used,  depending  upon  the  intensity  of  color 
desired. 

The  difficulty  met  with  in  the  use  of  colors  is  to  maintain 
a  uniform  color  throughout  the  job.  Lampblack  is  probably 
more  commonly  used  than  any  other  color,  giving  different 
shades  of  gray  according  to  the  amount  used.  For  instance. 
In  the  case  of  a  1:2  mortar,  the  addition  of  one-half  pound  of 
dry  lampblack  to  100  pounds  of  cement  will  give  a  light  slate 
color  to  the  work;  one  pound  will  give  a  light  gray  color;  two 
pounds,  a  blue  gray;  and  four  pounds  will  produce  a  dark 
blue  slate  color.  A  color  best  suited  to  a  particular  piece  of 
work  should  be  obtained  by  experiment  with  small  auantities 
made  up  into  trial  specimens,  before  being  applied  to  the 
real  construction. 

mv     ,  „  f|f*^^flca*'on8  for  Cement  Sidewalks. 

The  following  specifications  were  presented  at  the  annual 
convention  of  the  National  AssociaUon  of  Cement  Users  in 
Kansas  City  Mo.,  in  March.  1912,  and  are  considered  to  rep- 
resent the  best  current  practice.  The  reader  will  see  that 
toe  directions  included  are  sufficient  for  the  intelligent  car- 
rying-out  of  a  piece  of  work. 

♦K  A*n«^T!r  a  '^lif  ''^'^^''^  ^^*"  °^eet  the  requirements  of 
I^fn^f/tv  f^?^*^^^^^^  '°"  P^^l^^d  Cement  of  the  Amer- 
Son  ^^  ^  Materials  and  adopted  by  this  Asso- 

^^LSVfJ!^2^^^^^^^'  ^""^  aggregate  shall  consist  of  sand, 
^^t«^  and  nLfrf  ^""^^  screenings,  graded  from  fine  to 
coarse,  and  passing  when  dry  a  screen  having  %.in.  diameter 

Sl^^WoTdu^r'T'^'^  ^'  ^*"^^^«  material,  clean,  coarse. 

S^Jrfo^  mat^r  f  Z^''^^^^^'  ^^*^'  ^^g^^able  or  othe^ 
aeletenous  matter;  and  nnt  mr^KA  4>u«^o  x^-^i 

a  Bleve  having  100  rn^heV  ^r  ?i««,  ,  T  T^  '^*"  "T 
shall  be  of  such  quaUty  C  ™X,  "'^  Pine  ag^egate 
Portland  cement  and  3  ^rt«  a  '  composed  of  1  part 

iTDTumi  BUI  ana  6  parts  fine  aggregate  by  weight,  whea 
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made  into  briquettes,  will  show  a  tensile  strength  at  least 
equal  to  the  strength  of  1:3  mortar  of  the  same  consistency. 
made  with  the  same  cement  and  Standard  Ottawa  sand.  In 
no  case  shall  fine  aggregate  containing  frost  or  lumps  of 
frozen  materials  be  used. 

3.  Coarse  Aggregate.  Coarse  aggregate  shall  consist  of 
inert  materials,  such  as  crushed  stone  or  gravel »  graded  in 
size,  retained  on  a  screen  having  ^-in.  diameter  holes;  shall 
be  clean,  hard,  and  durable;  free  from  dust,  vegetable  or 
other  deleterious  matter;  iLnd  shall  contain  no  soft,  flat,  or 
elongated  particles.  In  no  case  shall  coarse  aggregate  con* 
taining  frost  or  lumps  of  frozen  material  be  used.  The  max- 
imum size  of  coarse  aggregate  shall  be  of  such  size  as  to  pas 
a  1%-in.  ring. 

4.  Natural  Mixed  Aggregates.  Natural  mixed  aggregates 
shall  not  be  used  as  they  come  from  the  deposit,  but  shall  be 
screened  and  remixed,  to  agree  with  the  proportions  specified. 

5.  Sub-Base.*  Only  clean,  hard,  suitable  material,  not  ez* 
ceeding  4  in.  in  the  largest  dimension,  shall  be  used.     . 

When  a  sub-base  is  not  required,  eliminate  Paragraphs  5 
and  10  (a). 

Unless  paragraph  10  (a)  is  eliminated,  10  (b)  is  void. 

6.  Water.  Water  shall  be  clean,  free  from  oil,  acid,  alkali, 
or  vegetable  matter. 

7.  Coloring.  If  artificial  coloring  material  is  required, 
only  mineral  colors  shall  he  used. 

8.  Reinforcing  Metal.  The  reinforcing  metal  shall  meet 
the  requirements  of  the  Standard  Specifications  for  Steel  Re- 
inforcement adopted  March  16,  1910,  by  the  American  Rail- 
way Engineering  Association. 

Sub-Grade 

9.  Slope.  The  sub-grade  shall  have  a  slope  toward  the 
curb  of  not  less  than  %  in.  per  foot 

10.  Depth,  (a)  The  sub-grade  shall  not  be  less  than  11 
Inches  below  the  finish  surf&ce  of  the  walk; 

(b)  The  sub-grade  shall  not  be  less  than  5  inches  below 
the  finished  surface  of  the  walk. 

11.  Preparation.  All  soft  and  spongy  places  shall  be  re- 
moved, and  all  depressions  filled  with  suitable  material,  which 
shall  be  thoroughly  compacted  in  layers  not  exceeding  6  in. 
in  thickness. 

12.  Deep  Fills.  When  a  fill  exceeding  1  ft.  in  thickness 
Is  required  to  bring  the  work  to  grade,  it  shall  be  made  In 


•Note — When   a   sub-base    is    required,    eliminate    Paragraph 
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a  manner  satisfactory  to  the  engineer.  The  top  of  all  fills 
shall  extend  beyond  the  walk  on  each  side  at  least  1  ft,  and 
the  sides  have  a  slope  not  greater  than  1  on  1%. 

13.  Drainage.  When  required,  a  suitable  drainage  system 
shall  be  installed  and  connected  with  sewers  or  other  drains 
Indicated  by  the  engineer. 

Sub-Base 

14.  Width  and  Tlilclcness.  On  the  sub-grade  shall  be 
spread  a  suitable  material,  as  heretofore  stated,  which  shall 
be  thoroughly  rolled  or  tamped  to  a  surface  at  least  5  in. 
below  the  finished  grade  of  the  walk.  On  the  fills  the  sub- 
base  shall  extend  the  full  width  of  the  fill,  and  the  sides 
shall  have  the  same  slope  as  the  sides  of  the  fill. 

15.  Wetting.  While  compacting  the  sub-base,  the  material 
shall  be  kept  thoroughly  wet,  and  shall  be  in  that  condition 
when  the  concrete  is  deposited. 

Forms 

16.  IMateriais.  Forms  shall  be  free  from  warp,  and  of 
sufficient  strength  to  resist  springing  out  of  shape. 

17.  Setting.  The  forms  shall  be  well  staked  or  otherwise 
held  to  the  established  lines  and  grades,  and  their  upper 
edges  shall  conform  to  the  established  grade  of  the  walk. 

18.  Treatment.  All  wood  forms  shall  be  thoroughly  wetted, 
and  metal  forms  oiled  before  depositing  any  material  against 
them.  All  mortar  and  dirt  shall  be  removed  from  forms  that 
have  been  previously  used. 

Construction 

19.  Size  of  Slabs.  The  slabs  or  independently  divided 
blocks,  when  not  reinforced,  shall  have  an  area  of  not  more 
than  36  sq.  ft.,  and  shall  not  have  any  dimension  greater 
than  6  ft.  Larger  slabs  shall  be  reinforced  as  hereinafter 
specified. 

20.  Thickness  of  Waiic.  The  thickness  of  the  walks  should 
not  be  less  than  5  in.  for  residence  districts,  and  not  less  than 
6  in.  for  business  districts. 

21.  Width  and  Location  of  Joints.  A  %-in.  expansion 
joint  shall  be  provided  at  least  once  in  every  50  ft. 

22.  Joint  Fiiier.  The  expansion  joint  filler  shall  be  a  suita- 
ble elastic  waterproof  compound  that  will  not  become  soft 
and  run  out  in  hot  weather,  nor  hard  and  brittle,  and  chip 
out  in  cold  weather. 

23.  Protection  of  Edges.  Unless  protected  by  metal,  the 
upper  edges  of  the  concrete  shall  be  rounded  to  a  radius 
of  hi  in. 


^ 
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Measuring  and  Mixing 

24.  Measuring.  The  method  of  measuring  the  materials 
for  the  concrete,  including  water,  shall  be  one  which  will  in- 
sure separate  uniform  proportions  at  all  times.  A  sack  of 
Portland  cement  (94  pounds  net)  shall  be  considered  1  co.  ft. 

25.  Machine  Mixing.  When  the  conditions  will  permit,  a 
machine  mixer  of  the  type  that  insures  the  uniform  propon> 
tioning  of  the  materials  throughout  the  mass  shall  be  used. 
The  ingredients  of  the  concrete  or  mortar  shall  be  mixed  to 
the  desired  consistency,  and  the  mixing  shall  continue  untfl 
the  cement  is  uniformly  distributed  and  the  mass  is  uniform 
in  color  and  homogeneousness. 

26.  Hand  Mixing.  When  it  is  necessary  to  mix  by  hand, 
the  materials  shall  be  mixed  dry  on  a  water-tight  platform 
until  the  mixture  is  of  uniform  color,  the  required  amount 
of  water  added,  and  the  mixing  continued  until  the  mass  is 
imiform  in  color  and  homogeneousness. 

27.  Retempering.  Retemperlng,  that  is,  remixing  mortar 
or  concrete  that  has  partially  hardened,  with  additional  water» 
will  not  be  permitted. 

Two-Course  Walks 
Base 

28.  Proportions.  The  concrete  shall  be  mixed  in  the  pro- 
portion of  1  sack  of  Portland  cement,  2V&  cu.  ft  fine  aggro> 
gate,  and  5  cu.  ft.  coarse  aggregata 

29.  Consistency.  The  materials  shall  be  mixed  wet  enough 
to  produce  a  concrete  of  a  consistency  that  will  flush  readily 
under  slight  tamping,  but  which  can  be  handled  without  caus- 
ing a  separation  of  the  coarse  aggregate  from  the  mortar. 

30.  Placing.  After  mixing,  the  concrete  shall  be  handled 
rapidly,  and  the  successive  batches  deposited  in  a  continuous 
operation,  completing  individual  sections.  Under  no  circum- 
stances shall  concrete  be  used  that  has  partially  hardened. 
The  forms  shall  be  filled,  and  the  concrete  struck  oft.  and 
tamped  to  a  surface  the  thickness  of  the  wearing  course 
below  the  established  grade  of  the  walk.  After  the  concrete 
has  been  thoroughly  tamped  against  the  cross-forms,  they 
shall  be  removed,  and  the  material  for  the  adjoining  slab  de- 
posited, so  as  to  preserve  the  Joint  Workmen  shall  not  be 
permitted  to  walk  on  the  freshly  laid  concrete;  and  if  sand 
or  dust  collects  on  the  base,  it  shall  be  carefully  removed 
before  the  wearing  course  is  applied. 

31.  Reinforcing.  Slabs  having  an  area  of  more  than  36 
sq.  ft,  or  having  any  dimension  greater  than  6  ft,  shall  be 
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reinforced  with  wire  fabric  or  with  plain  or  deformed  bars. 
The  cross-sectional  area  of  metal  shall  amount  to  at  least 
0.041  SQ.  In.  per  linear  foot  The  reinforcing  metal  shall  be 
placed  upon  and  slightly  pressed  into  the  concrete  base  im* 
mediately  after  the  base  is  placed.  Reinforcing  metal  shall 
not  cross  Joints,  and  shall  be  lapped  sufficiently  to  develop 
the  strength  of  the  metal. 

Wearing  Course 

32.  Proportions.  The  mortar  shall  be  mixed  In  the  man- 
ner hereinbefore  specified,  in  the  proportion  of  1  sack  Port- 
land cement,  and  not  more  than  2  cu.  ft.  of  fine  aggregate. 

33.  Consistency.  The  mortar  shall  be  of  a  consistency 
that  will  not  require  tamping,  but  which  can  be  easily  spread 
Into  position. 

34.  Thickness.  The  wearing  course  of  the  walk  in  resi- 
dence districts  shall  have  a  minimum  thickness  of  %  in.,  and 
In  a  business  district  a  minimum  thickness  of  1  in. 

35.  Placing.  The  wearing  course  shall  be  placed  Imme- 
diately after  mixing,  and  in  no  case  shall  more  than  50 
minutes  elapse  between  the  time  the  concrete  for  the  base 
Is  mixed  and  the  time  the  wearing  course  is  placed. 

36.  Finishing.  After  the  wearing  course  has  been  brought 
to  the  established  grade.  It  shall  be  worked  with  a  wood  fioat 
in  a  manner  that  will  thoroughly  compact  It.  When  required, 
the  surface  shall  be  troweled  smooth,  but  excessive  working 
with  a  steel  trowel  shall  be  avoided.  The  slab  markings  shall 
be  made  in  the  wearing  course  directly  over  the  Joints  in  the 
base,  with  a  tool  which  will  completely  separate  the  wearing 
course  of  adjacent  slabs.  If  excessive  moisture  occurs  on  the 
surface,  it  must  be  taken  up  with  a  rag  or  mop,  and  In  no 
case  shall  dry  cement  or  a  mixture  of  dry  cement  and  sand 
be  used  to  absorb  this  moisture  or  to  hasten  the  hardening. 
Unless  protected  by  metal,  the  surface  edges  of  all  slabs  shall 
be  rounded  to  a  radius  of  about  one-half  inch. 

37.  Coloring.  If  artificial  coloring  is  used.  It  must  be  In- 
corporated with  the  entire  wearing  course,  and  shall  be  mixed 
dry  with  the  cement  and  aggregate  until  the  mixture  is  of 
uniform  color.  In  no  case  shall  the  amount  of  coloring  used 
exceed  5  per  cent  of  the  weight  of  the  cement 

One-Course  Walk 

The  general  requirement  of  the  Specifications  covering 
two-course  work  will  apply  to  one-course  work,  with  the  fol- 
lowing exceptions: 

3$.    Proportions.    The  concrete  shall  be  mixed  in  the  pro- 
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m  of  1  sack  Portland  cement  to  1^  cu.  ft  of  line  ag- 
te,  and  3  cu.  ft  of  coarse  aggregate  passing  a  14n.  ring. 
.  Placing  and  Finishing.  The  form  shall  be  filled,  the 
ete  struck  ofC,  and  the  coarse  particles  forced  back  from 
arface,  and  the  work  finished  in  the  usual  way. 

Reinforcing.    When  a  single-course  walk  is  to  be  rein- 
1,  the  metal  shall  be  placed  2  in.  from  the  finished  sur- 
The  minimum  amount  of  metal  shall  be  as  specified  in 
:raph  3L 

Protection 

Treatment    When  completed,  the  work  shall  be  kept 
and  protected  from  traffic  and  the  elements  for  at  least 
days,  and  shall  not  be  opened  to  traffic  until  the  eo* 
r  so  directs. 

Temperature  below  35  Deg.  F.  If  at  any  time  during 
regress  of  the  work  the  temperature  is,  or  in  the  opinion 
3  engineer  will  within  24  hours  drop  to  35  deg.  F..  the 
and  aggregates  shall  be  heated,  and  precautions  taken 
3tect  the  work  from  freezing,  for  at  least  5  days.  In 
se  shall  concrete  be  deposited  upon  a  frozen  sub-grade 
b-base. 

Equipment  Needed  for  Sidewalk  Work 

r  hand  work  on  small  Jobs,  the  articles  needed  are:  a 
g  board;  runways  to  and  from  the  same;  a  measuring 
or  proportioning  sand  and  aggregates;  a  No.  3  square- 
shovel  for  each  man,  wheelbarrows,  at  least  two  being 
sary  for  quick  work  (sheet-iron  body  preferred) ;  a  rake; 
ter  barrel;  water  buckets,  2-gallon  size;  and  a  sand 
1,  made  by  nailing  a  piepe  of  ^-in.-mesh  wire  screen, 
y  5  ft.  in  size,  to  a  frame  made  of  2  by  4-in.  lumber. 
18  tools  needed  for  work  upon  the  walk  itself  will  con- 
)f  a  tamper,  straight-edge,  wood  fioat,  mason's  trowel, 
hing  trowel,  edger,  Jointing  tool,  and  line  or  dotting 
if  specified.  These  tools  may  be  obtained  with  long 
ort  handles  as  the  workman  prefers. 
18  batch  will  be  mixed  on  a  wooden  platform  known 
concrete  boaYd.  For  two  men,  this  should  be  9  ft  by  li» 
•  a  2-bag  batch,  or  12  by  10  ft.  for  a  4-bag  batch.  Make 
:  of  1-in.  boards  10  ft  long,  surfaced  on  one  side,  using 
!  by  4-in.  by  9-ft  cleats  to  hold  them  together.  The 
s  are  so  laid  as  to  enable  the  shoveling  to  be  done  with, 
lot  against,  the  cracks  between  the  boards.  The  boards 
be  drawn  up  close  in  nailing,  so  that  no  cement  grout 
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will  run  through  while  mixing.  If  tongued-and-grooved  b9ards 
are  available*  so  much  the  better.  Knotholes  may  be  closed 
by  nailing  a  strip  across  them,  on  the  under  side  of  the 
board.  Often  2-in.  planks  are  used  in  making  concrete  boards, 
but  these  are  unnecessarily  heavy,  and  very  cumbersome  to 
move. 

The  concrete  board  is  usually  best  placed  as  close  as 
possible  to  the  forms  in  which  the  concrete  is  to  be  deposited, 
but  local  conditions  must  govern  this  point.  Choose  a  place 
giving  plenty  of  room,  near  the  storage  piles  of  sand  and 
stone  (or  gravel).  Block  up  the  concrete  board  level,  so 
that  the  cement  grout  will  not  run  off  on  one  -side,  and  so 
that  the  board  will  not  sag  in  the  middle  under  the  weight 
of  the  concrete. 

Make  the  runways  for  the  wheelbarrows  of  good,  strong 
plank  2  to  3  in.  thick  and  10  to  12  in.  wide.  They  should  be 
of  liberal  width — say  at  least  20  in.  wide  if  lifted  much  above 
the  ground — as  this  feature  will  help  greatly  to  lighten  and 
quicken  the  work. 

COST  OF  CONCRETE  WALKS 

Figures  indicating  the  cost  of  different  types  of  sidewalks, 
and  data  for  calculating  quantities  of  material  needed  for 
their  construction,  compiled  by  the  Information  Bureau  of  the 
Universal  Portland  Cement  Company,  are  as  follows: 
•  The  cost  of  cement  walk  will  vary  with  the  cost  of  ma- 
terials and  labor,  and  with  the  experience  of  the  men  doing 
the  work;  also  with  the  location  of  the  walk,  the  amount  of 
walk  to  be  placed  at  one  time,  and  its  width.  The  cost  of 
materials  given  below  includes  delivery  on  the  work. 

Two-Course  Sidewalk.  Experience  shows  that  a  gang  of 
six  men  can  lay  between  600  and  800  sq.  ft  of  walk  in  a  day 
of  ten  hours;  and  700  sq.  ft.  is  considered  as  a  day's  work  in 
arriving  at  these  figures.  This  estimate  is  based  on  a  6-ft. 
walk,  having  9-in.  cinder  sub-base,  4^-in.  base  consisting  of 
1  part  cement,  2%  parts  sand,  and  5  parts  crushed  stone, 
covered  with  a  %-in.  top  of  1  part  cement  and  1^  parts  sand. 
The  stone  ranged  in  size  from  ^  to .%  in.  and  contained  45 
I>er  cent  voids.  A  good  grade  of  coarse  sand  passing  a  %-in. 
screen  was  used.  The  sand  contained  33  per  cent  voids.  The 
mixing  was  done  by  hand. 

LABOR  (TWO-COURSE) 

One  finisher  at  $5.00  per  day $  5.00 

Five  laborers  at  $2.60  per  day 12.50 

Total  cost  of  labor  (700  sq.  ft) $17.50 
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Total  coBt  of  labor  per  100  sq.  ft $  2.50 

MATERIALS  (TWO-COURSE) 

Cement  2.5  barrels  at  $1.50  per  barrel |  3.75 

Stone  1.21  cu.  yds.  at  $1.50  per  cu.  yd.  ...  1.82 
Sand  .80  cu.  yd.  at  $1.25  per  cu.  yd.  ...  1.00 
Cinders  2.7    cu.  yds.  at  $0.50  per  cu.  yd 1.35 


Total  cost  of  materials  per  100  sq.  ft  . . .  7.92 


Total  cost  of  laying  100  sq.  ft $10.42 

It  should  be  noted  that  this  estimate  provides  for  a  walk 
where  an  excavation  for  the  sub-base  was  necessary.  No 
addition  was  made  for  cost  of  forms  or  equipment  deprecia- 
tion. 

One-Course  Sidewalk.    The  cost  of  placing  one^ourse  work 
Is  probably  less  than  for  the  two<:ourse;  but,  for  comparison* 
the  labor  and  cost  of  materials  have  been  considered  the 
same  and  the  calculations  made  accordingly. 
LABOR   (ONE<:;OURSB) 

One  finisher  at  $5.00  per  day $  5.00 

Five  laborers  at  $2.50  per  day  12.50 

Total  cost  of  labor  for  700  sq.  ft $17.50 

Total  cost  of  labor  per  100  sq.  f t $  2 .  50 

MATERIALS  (ONE-COURSE) 

Cement  2.42  barrels  at  $1.50  per  barrel $  3.63 

Stone      1.08  cu.  yds.  at  $1.50  per  cu.  yd.  ...     1.62 

Sand         .73  cu.  yds    at  $1.25  per  cu.  yd 91 

Cinders  2.7    cu.  yds.  at  $0.50  per  cu.  yd.  ...     1.35 


Total  cost  of  materials  per  100  sq.  ft  ..  $  7.51 


Total  cost  of  laying  100  sq.  ft $10.01 

Concrete  Sidewalk  on  Limestone  Flags 
In  some  of  the  business  districts  of  our  larger  cities,  the 
old  limestone  flags  are  fast  wearing  out  making  replacement 
necessary.  A  great  deal  of  expense  may  be  saved,  provided 
the  flags  are  of  sufficient  thickness,  by  laying  a  mortar  top, 
not  less  than  2  in.  thick,  directly  upon  the  limestone.  It  is 
necessary  to  deau  the  surface  thoroughly  by  chipping,  and 
anchor  a  steel  plate  to  the  flags  for  the  curb  edge.  The  %j^ 
plication  of  a  cement-granite  screenings  top  completes  tha 
work,  and  has  proven  successful  in  several  instances. 


1 
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Sidewalk  Calculations 

Number  of  cubic  yards  of  concrete  In  IOC 

sa.  ft  of  slde- 

walk: 

3      In.  thick=r0.926; 

4%  in.  thick= 

=1.389; 

3^  in.  thick=1.080; 

6      in.  thick= 

=1.543; 

4      in.  thick=rl.235; 

%  in.  thick= 

=0.232; 

4%  in.  tblck-rl.312; 

1      in.  thick=0.309; 

Assuming  1  sack  cement=l 

cu.  ft,  1  cu. 

yd.  of  concrete 

requires  for: 

Bbls. 

Cu.  Yds. 

Cu.  Yds. 

Mixture 

Cement 

Sand 

Gravel 

1:1%:3 

1.91 

0.42 

0.85 

1:2     :3 

1.74 

0.52 

0.77 

1:2     :4 

1.51 

0.45 

0.89 

1:2%:4% 

1.31 

0.48 

0.87 

1:2%:5 

1.24 

0.46 

0.92 

1:3     :6 

1.16 

0.52 

0.86 

1:1 

4.88 

0.72 

1:1% 

3.87 

0.86 

26.! 


Example — Two-course  sidewalk  400   ft.  long,  5  ft  wide* 
4^-In.  base  mixture  1:2^:5,  %4n.  top  mixture  1:1%. 
Area  sidewalk— 400x5=2,000  sq.  ft 
Base — 

Cubical  contents— 20.00x1.312=26.2  cu.  yds. 
'x  1.24=32^  barrels  cement 
.  X  0.46=12  cu.  yds.  sand 
X  0.92ss24  cu.  yds.  gravel 

Top- 
Cubical  contents — 20.00  x  .232=4.64  cu.  yds. 

fx  3.87=18  barrels  cement 
4.64    jx  0.86ss  4  cu.  yds.  sand 

Total— 

32^+18=50^  barrels  cement 
12    4-  4=16  cu.  yds.  sand 
24    +  0=24  cu.  yds.  gravel 

Example:    One-course  sidewalk  as  above  400  ft  long,  6  ft 
wide,  4%  in.  thick,  mixture  1:2:3. 

Area  sidewalk— 400  x  5=2,000  sq.  ft 
Cubical  contents — 20.00x1.389=27.8  cu.  yds. 

cement 
r.8     )  X  0.52=14.5  cu.  yds.  sand 
gravel 


ry^ 
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Average  Costs  for  Estimating 

Concrete  sidewalks,  finished  with  mortar  of  sand  and 
cement,  granite  screenings  and  cement,  etc.,  10  to  25  cents  per 
sq.  ft    Mortar  finish  alone,  5  to  15  cents  per  sq.  ft. 

A  common  contract  price  for  concrete  sidewalks,  small 
Jobs,  Is  15  to  20  isents  per  sq.  ft.  Large  paving  work  can  be 
done  at  an  actual  cost  of  about  10  cents  per  sq.  ft. 

BRICK  WALKS 

V  Brick  walks  are  used  In  a  great  many  localities,  and«  If 
properly  constructed,  are  cheap  and  durable. 

The  construction  of  a  brick  sidewalk  consists  of  an  ex- 
cavation from  8  to  10  In.  deep,  depending  upon  the  condition 
of  the  soil,  care  being  taken  that  all  soft  material  is  removed.  * 
and  that  the  subgrade  Is  made  parallel  to  the  surface  of  the 
finished  walk.  The  foundation  used  In  this  excavation  con- 
sists of  a  layer  of  clean,  course  sand,  fine  gravel,  or  cinders 
which  furnish  a  firm  support  for  the  bricks.  This  material 
should  be  thoroughly  rolled  or  tamped  so  as  to  compress  It 
into  a  firm  layer.  Where  gravel  or  cinders  are  used,  a  layer 
of  sand  from  1%  to  2  in.  deep  is  placed  in  the  excavation  on 
top  of  the  fill,  to  serve  as  a  cushion  for  supporting  the  bricks. 

The  bricks  used  in  this  class  of  work  are  hard-burned, 
with  plane,  parallel  surfaces  and  sharp,  right-angled  edges. 
The  bricks  are  laid  either  with  the  large  surface  up  for  lisht 
traffic,  or  set  on  edge  where  heavy  traffic  is  to  be  met.  The 
method  of  laying  the  pattern  of  the  brickwork  may  be  varied 
In  design,  and  a  pleasing  effect  may  be  obtained  by  introduc- 
ing different  colored  bricks  if  desired.  The  side  of  the  WBdk 
is  protected  by  laying  a  row  of  bricks  on  edge  to  form  a 
border.  Joints  between  bricks  should  be  thin  to,  prevent 
weeds  and  grass  from  growing  up  in  the  walk. 

In  laying  the  bricks,  it  Is  customary  to  place  2  by  4  timbers 
along  each  side  of  the  foundation,  lined  up  so  that  the  top 
edges  are  flush  with  the  top  of  the  finished  walk.  The  2-in. 
layer  of  sand  is  then  placed  on  the  foundation,  and  leveled  off 
parallel  to  the  surface  of  the  finished  walk.  The  bricks  are 
then  laid  by  men  standing  on  the  bricks  already  in  position, 
so  as  not  to  disturb  the  sand  cushion  ahead  of  the  work  in 
progress.  The  surface  of  the  finished  walk  is  then  carefully 
and  thoroughly  rammed  or  tamped  so  as  to  settle  all  of  the 
bricks  into  the  sand  cushion  and  form  a  level  surface  at  the 
top.  The  final  operation  consists  in  sprinkling  a  layer  of  fine. 
jry  sand  over  the  top  of  the  walk,  and  allowing  about  ^-£n.  of 
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sand  to  remain  on  the  top  surface  to  be  worked  into  the 
joints  by  traffic. 

The  cost  of  brick  sidewalks  will  be  made  up  in  detail  of 
the  following  points:  Cost  of  excavation  and  preparation  of 
bed;  cost  of  bricks  per  thousand;  cost  of  sand  and  material 
for  filling  in  foundation,  and  cost  of  labor  in  placing  materials. 
The  cost  of  excavation  and  preparation  of  bed  will  be  found  in 
the  section  on  "Excavation"  earlier  in  this  volume.  The  num- 
ber of  bricks  needed  to  lay  a  square  yard  of  sidewalk  will  be 
found  in  Table  1  in  the  section  on  "Roads  and  Pavements." 
The  cost  of  labor  in  placing  the  sand  cushion  and  lasring  the 
bricks  will  be  about  5  cents  per  sq.  yd.  of  top  surface. 

ASPHALT  WALKS 

The  construction  of  asphalt  sidewalks  is  practically  the, 
same  as  that  for  asphalt  pavements  described  on  page  702  in 
the  section  on  "Roads  and  Pavements/'  except  that  the  foun- 
dation does  not  need  to  be  so  heavy,  nor  the  wearing  coat  so 
thick.  A  soft  mixture  of  asphalt  is  used  in  the  wearing 
coat,  since  this  coat  is  not  required  to  bear  heavy  loads  such 
as  would  come  upon  a  pavement.  The  softer  the  mixture  so 
long  as  it  is  suitable  for  working  purposes,  the  better  for 
use  in  sidewalk  work,  and  the  longer  its  life.  This  type  of 
walk  is  unsuitable  for  locations  where  walks  are  used  but 
little,  since  cracks  which  form  from  the  contraction  and  ex- 
panslon  of  the  walk  are  not  closed  again  by  the  effects  of 
travel. 

The  cost  of  an  asphalt  walk  consisting  of  a  concrete  base 
3  in.  thick  and  an  asphalt  wearing  coat  1  in.  thick,  is  about 
$1.00  per  sq.  yd.,  exclusive  of  the  cost  of  grading  or  prepara- 
tion  for  laying. 

One  ton  of  prepared  rock-asphalt  will  cover  about  26  sq. 
yds.  1  in.  thick  where  grit  is  not  used,  and  about  33  sq.  yds. 
when  about  25  per  cent  of  grit  is  mixed  in  with  the  asphalt 
Other  thicknesses  of  wearing  coat  would  be  estimated  in  pro- 
portion to  the  above  amounts. 

A  skilled  workman  will  lay  from  12  to  15  sq.  yds.  of  asphalt 
pavement  or  sidewalk  per  hour. 

CiNDER  WALKS 
Cinder  walks  are  constructed  by  excavating  a  trench  6  in. 
or  more  in  depth,  and  filling  same  with  a  layer  of  cinders  in 
which  the  larger  particles  are  well  embedded  in  the  body  of  , 
the  fill.     The  fill  is  then  fiooded  and  tamped  thoroughly  to 
embed  the  smaller  particles  in  the  larger.    The  surface  of  a 
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walk  of  this  kind  is  given  considerable  crown,  and  small  gut- 
ters are  needed  at  the  sides  to  provide  drainage.  Cinder 
walks  are  not  considered  to  be  so  satisfactory  as  gravel  or 
other  similar  types  of  walks. 

GRAVEL  WALKS 

Gravel  walks  are  serviceable  where  trafAc  is  light,  and 
where  a  cheap  type  of  walk  is  desired.  The  construction  of  a 
gravel  walk  consists  of  an  excavated  trench  about  5  in.  deep, 
with  bottom  of  trench  parallel  to  surface  of  the  finished 
walk.  The  lower  part  of  a  walk  of  this  kind  consists  of  3  or 
4  in.  of  crushed  stone  or  gravel  of  small  dimensions,  which 
is  rolled  into  place  with  a  heavy  roller  in  a  manner  similar 
to  that  followed  in  the  construction  of  a  macadam  road.  The 
wearing  surface  consists  of  about  ^  in.  of  fine  gravel  or  tor- 
pedo sand  having  grains  not  over  %-in.  in  dimension.  The 
edges  of  the  finished  surface  should  be  about  ^-in.  below  the 
adjoining  lawn*  surface  when  finished. 

In  clayey  soils,  it  may  be  necessary  to  excavate  a  deeper 
trench,  and  lay  a  foundation  bed  of  cinders  upon  which  tLe 
crushed  stone  or  gravel  is  placed. 

CURBS  AND  GUTTERS 

Since  concrete  is  fast  becoming  the  material  used  In  curb 
and  in  curb-and-gutter  construc- 
tion, the  data  embodied  in  the 
following  specifications  will  form 
a  basis  for  determining  the  nec- 
essary points  of  design  for 
standard  types  of  constmctlcm. 
Figs  4  and  5  show  these  stand- 
ard types  for  both  plain  curb  and 
combined  curb  and  gutter. 


PROPOSED  REVISED  STAND- 
ARD  SPECIFICATIONS  FOR 
CONCRETE  CURB^ANDCON- 
CRETE  CURB  AND  GUTTER 
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elation  of  Cement  Utera»  D^ 
cemberp  1912 

MATERIALS 
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Fifl.  4.    Standard  Type  of 
Concrete   Curb. 
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1.  Cement.  The  cement  shall  meet  the  requirements  of 
the  Standard  Specifications  for  Portland'  Cement  of  the  Amer- 
lean  Society  for  Testing  Materials  and  adopt€|d  hy  this  As- 
sociation. 

2.  Fine  Aggregate.  Fine  aggregate  shall  consist  of  sand, 
crushed  stone  or  gravel  screenings,  graded  from  fine  to  coarse, 
and  passing  when  dry  a  screen  having  %-in.  diameter  holes; 
shall  he  preferably  of  silicious  material,  clean,  coarse,  free 
from  dust,  soft  particles,  loam,  vegetable  or  other  deleterious 


i^-/^-^-8-^-(^>l 


Fig.  5.     Standard  Types  of  Combined  Curb  and  Gutter. 

matter;  and  not  more  than  3  per  cent  shall  pass  a  sieve  hav- 
ing 100  meshes  per  linear  inch.  Fine  aggregate  shall  be  of 
such  quality  that  mortar  composed  of  1  part  Portland  cement 
and  3  parts  fine  aggregate  by  weight,  when  made  into  briqu- 
ettes, will  show  a  tensile  strength  at  least  equal  to  the 
strength  of  1:3  mortar  of  the  same  consistency  made  with  the 
same  cement  and  Standard  Ottawa  sand.  In  no  case  shall  fine 
aggregate  containing  frost  or  lumps  of  frozen  material  be 
used. 

3.  Coarse  Aggregate.  Coarse  aggregate  shall  consist  of 
inert  materials  such  as  crushed  stone  or  gravel  graded  in 
size,  retained  on  a  screen  having  %-in.  diameter  holes;  shall 
be  clean,  hard  and  durable,  free  from  dust,  vegetable,  or  other 
deleterious  matter,  and  shall  contain  no  soft,  flat,  or  elongated 
particles.  In  no  case  shall  coarse  aggregate  containing  frost 
or  lumps  of  frozen  material  be  used.  The  maximum  size  of 
coarse  aggregate  shall  be  such  as  to  pass  a  1^-in  ring. 

4.  Natural  Mixed  Aggregate.  Natural  mixed  aggregates 
shall  not  be  used  as  they  come  from  the  deposit,  but  shall  be 
screened  and  remixed  to  agree  with  the  proportions  specified. 

5.  Sub-Base.  Only  clean,  hard,  suitable  materials,  not  ex- 
ceeding 4  in.  in  the  largest  dimension  shall  be  used. 

6.  Water.  Water  shall  be  clean,  free  from  oil,  acid,  alkali, 
or  vegetable  matter. 
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7.  Coloring.  If  artificial  coloring  material  is  required, 
only  mineral  colors  shall  be  used. 

8UB.GRADE 

8.  Depth  below  Grade,  (a)  Concrete  Curb.  When  a  sub^ 
base  is  required,  the  sub-grade  shall  not  be  less  than  30  in. 
below  the  established  grade  of  the  curb. 

(b)  Concrete  Curb  and  Gutter.  When  a  sub-base  is  re- 
quired, the  sub-grade  shall  not  be  less  than  11  in.  below  the 
established  grade  «pf  the  gutter. 

9.  Preparation.  All  soft  and  spongy  places  shall  be  re- 
moved, and  all  depressions  filled  with  suitable  material  which 
shall  be  thoroughly  compacted  in  layers  not  exceeding  6  in. 
in  thickness. 

10.  Deep  Fills.  When  a  fill  exceeding  1  ft  in  thickness  is 
required  to  bring  the  work  to  grade,  it  shall  be  made  in  a 
manner  satisfactory  to  the  engineer. 

11.  Drainage.  When  required,  a  suitable  drainage  system 
shall  be  installed  and  connected  with  sewers  or  other  drains 
indicated  by  the  engineer. 

8UB.BA8E 

12.  Thickness,  (a)  Concrete  Curb.  On  the  sub-grade 
shall  be  spread  a  material  as  hereinbefore  specified,  which 
shall  be  thoroughly  rolled  or  tamped  to  a  surface  at  least  24 
in.  below  the  established  grade  of  the  curb. 

(b)  Concrete  Curb  and  Gutter.  On  the  sub-grade  shall 
be  spread  a  material  as  hereinbefore  specified,  which  shall  be 
thoroughly  rolled  or  tamped  to  a  surface  at  least  6  in.  below 
the  established  grade  of  the  gutter.   . 

13.  Wetting.  While  compacting  the  sub-base,  the  ma- 
terial shall  be  kept  thoroughly  wet,  and  shall  be  in  that  con- 
dition when  the  concrete  is  deposited. 

FORMS 

14.  Materials.  Forms  shall  be  free  from  warp  and  of  suN 
flcient  strength  to  resist  springing  out  of  shape. 

16.  Setting.  The  forms  shall  be  well  staked  or  otherwise 
held  to  the  established  lines  and  grades,  and  their  upper 
edges  shall  conform  to  the  established  grade  of  the  curb  or 
curb  and  gutter. 

16.  Treatment.  All  wood  forms  shall  be  thoroughly  wetted. 
and  metal  forms  oiled,  before  depositing  any  material  against 
them.  All  mortar  and  dirt  shall  be  removed  from  forms  that 
haye  been  previously  nsed. 
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CONSTRUCTION 

17.  Dimension  of  Curb.  The  section  of  the  curb  shall 
conform  with  that  shown  in  Fig.  4.  The  thickness  at  the 
base  shall  not  be  less  than  12  in.,  and  at  the  top  not  more 
than  6  in.,  with  a  batter  on  the  street  side  of  1  to  4. 

18.  Dimensions  of  Curb  and  Gutter.  The  sections  of  the 
combination  curb  and  grutter  shall  conform  with  that  shown  in 
Figure  5.  The  depth  of  the  back  of  the  curb  shall  not  be 
less  than  12  in.,  and  the  depth  of  the  face  not  less  than  6  in. 
The  breadth  of  the  gutter  shall  not  be  less  than  16  in.,  nor 
more  than  24  in. 

19.  Size  of  Sections.  The  curb  and  gutter  shall  be  di- 
vided into  sections  not  less  than  5  nor  more  than  8  ft  long 
by  some  method  which  will  insure  the  complete  separatioi  of 
the  sections. 

20.  Section  at  Street  Corners.  The  construction  of  the 
combination  curb  and  gutter  at  street  corners  shall  conform 
with  that  shown  in  Figure  5.  The  radius  of  the  curb  shall 
not  be  less  than  6  ft 

21.  Width  and  Location  of  Joints.  A  %-in.  expansion  joint 
shall  be  provided  at  least  ^nce  in  every  150  ft 

22.  Joint  Filler.  The  expansion  Joint  filler  shall  be  a 
suitable,  elastic,  waterproof  compound  that  will  not  become 
soft  and  run  out  in  hot  weather,  nor  hard  and  brittle  and 
chip  out  in  cold  weather. 

23.  Protection  of  Edges.  Unless  protected  by  metal,  the 
upper  edges  of  the  concrete  shall  be  rounded  to  a  radius  of 
%  in. 

MEASURING  AND  MIXING 

24.  Measuring.  The  method  of  measuring  the  materials 
for  the  concrete,  including  water,  shall  be  one  which  will  in- 
Bare  separate  uniform  proportions  at  all  times.  A  sack  of 
Portland  cement  (94  lbs.  net)  shall  be  considered  1  cu.  ft. 

25.  Machine  Mixing.  When  the  conditions  will  permit,  a 
machine  mixer  of  a  type  which  insures  the  uniform  propor- 
tioning of  the  materials  throughout  the  mass,  shall  be  used. 
The  ingredients  of  the  concrete  or  mortar  shall  be  mixed  to 
the  desired  consistency,  and  the  mixing  shall  continue  until 
the  cement  is  uniformly  distributed  and  the  mass  is  uniform 
In  color,  and  homogeneous. 

26.  Hand  Mixing.  When  it  Is  necessary  to  mix  by  hand, 
the  materials  shall  be  mixed  dry  on  a  water-tight  platform 
until  the  mixture  is  of  uniform  color  and  the  required  amount 
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of  water  added,  and  the  mixing  continued  until  the 
uniform  in  color,  and  homogeneous. 

27.  Retempering — ^that  is,  remixing  mortar  or  concrete 
that  has  partially  hardened  with  additional  water — ^will  not  be 
permitted. 

TWO-COURSE  CURB  AND  CURB  AND  GUTTER 

Bate 

28.  Proportions.  The  concrete  shall  be  mixed  in  the  pro* 
portion  of  1  sack  Portland  cement,  2^  cu.  ft  fine  aggre- 
gate, and  5  cu.  ft.  coarse  aggregate. 

29.  Consistency.  The  materials  shall  be  mixed  wet  enough 
to  produce  a  concrete  of  a  consistency  that  will  flush  readily 
under  slight  tamping,  but  which  can  be  handled  without  cans* 
ing  a  separation  of  the  coarse  aggregate  from  the  mortar. 

30.  Placing.  After  mixing,  the  concrete  shall  be  handled 
rapidly,  and  the  successive  batches  deposited  in  continuous 
operation  completing  individual  sections.  Under  no  circum- 
stances shall  concrete  be  used  that  has  partially  hardoied. 
The  grutter  forms  sball  be  filled,  and  the  concrete  struck  olT 
and  tamped  to  a  surface  the  thickness  of  the  wearing  coorae 
below  the  established  grade  of  the  gutter.  The  concrete  for 
the  curb  shall  be  placed  and  tamped  so  as  to  permit  of  tlie 
application  of  the  required  wearing  course  to  the  face  and 
top  so  as  to  bring  the  work  to  the  established  line  and  grade 
of  the  curb.  The  work  shall  be  executed  in  a  manner  wldeh 
will  insure  perfect  Joints  between  abutting  sections.  Work- 
men shall  not  be  permitted  to  walk  on  freshly  laid  concrete; 
and,  if  sand  or  dust  collects  on  the  base,  it  shall  be  carefuUj 
removed  before  the  wearing  course  is  applied. 

Wearing  Course 

31.  Proportions.  The  mortar  shall  be  mixed  in  the  mai^ 
ner  hereinbefore  specified  in  the  proportion  of  1  sack  Port- 
land  cement  and  not  more  than  2  cu.  ft  of  fine  aggregate. 

32.  Consistency.  The  mortar  shall  be  of  a  consistency 
that  will  not  require  tamping  but  which  can  be  easily  spread 
into  position. 

33.  Thickness.  The  wearing  course  of  the  gutter  and  top 
and  face  of  the  curb  shall  have  a  minimum  thickness  of  %  in. 

34.  Placing.  The  wearing  course  shall  be  placed  immedi- 
ately after  mixing,  and  in  no  case  shall  more  than  50  min- 
utes elapse  between  the  time  the  concrete  for  the  base  Is 
mixed  and  the  time  the  wearing  course  is  placed. 

35.  Finishing.   After  the  wearing  course  has  been  broo^t 
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to  the  established  line  and  grade,  it  shall  be  worked  with'  a 
wood  float  in  a  manner  which  will  thoroughly  compact  it 
When  required,  the  surface  shall  be  troweled  smooth,  but  ex- 
cessive working  with  a  steel  trowel  shall  be  avoided.  The 
section  markings  shall  be  made  in  the  wearing  courses  di- 
rectly over  the  Joints  in  the  base,  with  a  tool  which  will  com- 
pletely separate  the  wearing  courses  of  adjacent  sections.  If 
excessive  moisture  occurs  on  the  surface,  it  must  be  taken 
up  with  a  rag  or  mop;  and  In  no  case  shall  dry  cement  or  a 
mixture  of  dry  cement  and  sand  be  used  to  absorb  this  moists 
ure  or  to  hasten  the  hardening.  The  edge  of  the  curb  on  the 
street  side,  and  the  intersection  of  the  curb  and  gutter,  shall 
be  rounded  to  a  radius  of  about  1^  in.  All  other  edges  shall 
be  rounded  to  a  radius  of  %  in.  unless  protected  by  metal. 

36.  Coloring.  If  artificial  coloring  is  used,  it  must  be  in- 
corporated with  the  entire  wearing  course,  and  shall  be  mixed 
dry  with  the  cement  and  aggregate  until  the  mixture  is  of 
uniform  color.  In  no  case  shall  the  amount  of  coloring  used 
exceed  5  per  cent  of  the  weight  of  the  cement. 

ONE-COURSE  CURB  AND  ONE-COURSE  CURB  AND 
GUTTER 

The  general  requirements  of  the  specifications  covering 
twoKsourse  work  will  apply  to  one-course-work,  with  the  fol- 
lowing exceptions: 

37.  Proportions.  The  concrete  shall  be  mixed  in  the  pro- 
portion of  1  sack  Portland  cement  and  not  more  than  2  cu. 
ft.  of  fine  aggregate,  and  3  cu.  ft  of  coarse  aggregate  passing 
a  1-in.  ring. 

38.  Placing  and  Finishing.  The  forms  shall  be  filled,  the 
concrete  struck  off,  and  the  coarse  particles  forced  back  from 
the  surface,  and  the  work  finished  in  usual  way. 

Protection 

39.  Treatment.  As  soon  as  the  concrete  has  hardened  suf- 
ficiently to  prevent  being  pitted,  it  shall  be  sprinkled  with 
clean  water,  and  kept  wet  for  at  least  4  days.  The  work  shall 
not  be  opened  to  traffic  until  the  engineer  so  directs. 

40.  Temperature  below  35  Degrees  F.  If  at  any  time 
during  the  progress  of  the  work,  the  temperature  is,  or  in 
the  opinion  of  the  engineer  will  within  24  hours  drop  to  35 
degrees  F.,  the  water  and  aggregates  shall  be  heated  and 
precautions  taken  to  protect  the  work  from  freezing  for  at 
leigst  5  days.  In  no  case  shall  concrete  be  deposited  upon  a 
frozen  sub-grade  or  sub-base. 
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COST  OF  CURBS  AND  GUTTERS 

The  cost  of  curbs  and  combined  curbs  and  gutters  de- 
pends upon  the  cross-section  of  the  work  and  the  materials 
used.  It  is  very  difficult  to  give  a  price  which  is  of  any  real 
value,  on  account  of  this  great  variation. 

The  labor  cost  on  curb  and  combined  curb  and  gutter  win 
vary  from  10  to  15  cents  per  linear  foot  where  finishers  are 
paid  $5.00  and  laborers  $2.50  per  day. 

The  cost  of  materials  can  be  determined  by  finding  tue 
number  of  cu.  ft.  of  volume  in  a  given  length  of  the  curbw 
or  curb  and  gutter,  and  then  determining  the  quantity  of 
cement,  sand,  and  gravel  or  crushed  stone  needed  from  a 
table  of  quantities  similar  to  that  given  in  the  section  on 
"Concrete  Construction." 

A  rough  estimate  for  concrete  curb,  and  curb  and  gutter* 
as  just  described  would  be  from  25  to  60  cents  per  linear 
foot 

Prices  for  other  kinds  of  curbing  will  vary  about  as  fol- 
lows: 

Sandstone  and  limestone,  50  cents  to  $1.00  per  linear 
foot,  in  place. 

Bluestone,  $1.00  to  $1.50  per  linear  foot,  in  place. 
Granite,  $1.00  to  $2.50  per  linear  foot,  in  place. 
Curved  curbs,  in  stone.  20  per  cent  to  10  per  cent 
Resetting  curb,  10  to  50  cents  per  linear  foot 


Roads  and  Pavements 

Estimating  the  cost  of  roads  and  pavements  is  a  rather 
nncertain  procedure,  unless  the  contractor  has  had  experience 
In  this  particular  line  of  work.  Even  then,  soft  earth  or  ex- 
cavations and  fills  of  uncertain  character  may  prove  trouble- 
some and  a  matter  of  considerable  extra  expense.  The  local 
costs  of  labor  and  materials  prove  to  be  Just  as  imporoint 
In  road  building  or  street  paving  and  improvement  as  in  any 
other  form  of  construction,  and  will  largely  govern  the  cost 
of  the  work  in  any  case.  For  this  reason,  the  costs  which 
follow  must  be  regarded  pnly  in  the  light  of  an  aid  in  de- 
termining other  actual  costs  for  any  given  job. 

The  roads  and  pavements  which  are  here  treated  consist 
of  the  following  types:  Earth  roads,  macadam  roads,  and 
atone,  brick,  wood  block,  concrete,  asphalt,  and  cobblestone 
pavements. 

PREPARATION   OF  ROADBED 

The  method  of  determining  the  amount  of  earth  to  be 
excavated  or  moved,  may  be  determined  by  the  method  of 
measurement  given  in  the  section  on  Excavation.  Also, 
amounts  of  earth  which  may  be  handled  by  shovels,  wheel- 
barrows, or  scrapers  may  be  found  in  the  same  section,  to- 
gether with  labor  costs  for  removing  materials. 

EARTH    ROADS 

Earth  roads  are  the  cheapest  in  first  cost,  but  may  re- 
Quire  considerable  expenditure  in  maintenance.  This  type 
of  road  is  Intended  for  light  traffic,  and  demands  constant 
attention  in  order  that  it  may  be  kept  in  good  shape.  A 
properly  constructed  earth  road  must  have  a  surface  so 
graded  that  drainage  of  water  will  be  from  the  center  of  the 
road  to  the  sides.  The  effect  of  water  standing  on  the  sur- 
face of  earth  roads  is  to  produce  a  soft  condition  which 
soon  destroys  the  road  for  easy  service.  A  road  constracted 
in  low  ground  may  require  under-drainage  as  well  as  side 
drainage,  for  best  results.  In  fact,  any  soil  in  which  ground 
water  comes  within  4  or  5  feet  of  the  surface  will  be  bene- 
fited by  a  system  of  undernlrainage. 

The  best  and  cheapest  method  of  securing  under-drainage 
is  to  lay  a  line  of  porous  tile  3  or  4  feet  deep  on  one  or  both 
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sides  of  the  roadway.  The  size  of  the  tile  will  depend  apon 
the  quantity  of  water  to  be  carried  away.  The  tile  are  laid 
with  their  ends  in  contact,  care  l>eing  taken  to  adjust  them 
until  the  ends  fit  reasonably  close.  If  it  is  feared  that  water 
will  wash  in  at  the  open  ends  of  the  tile,  the  joints  may 
be  covered  with  tarred  paper  or  some  siniilar  material,  to 
prevent  the  entrance  of  foreign  matter.  There  is  little  danger 
of  this  condition  if  the  tile  are  laid  with  a  very  slight  fall, 
and  if  a  free  outlet  is  provided.  A  fall  of  about  3  inches 
per  100  feet  of  length  is  the  lowest  that  should  be  allowed 
for  good  working  conditions  in  the  tile. 

If  side  ditches  are  used  to  carry  the  water  away  from 
the  roadway,  they  should  be  of  such  a  grade  as  to  carry  It 
rapidly  and  entirely  away  from  the  roadside.  Such  ditches 
do  not  need  to  be  deep,  but  should  have  a  broad,  flaring 
side  toward  the  road,  to  prevent  accident  in  case  a  rehlde 
should  be  crowded  to  the  extreme  side  of  the  roadL  The 
outside  bank  of  the  ditch  should  have  sul&cient  slope  to 
prevent  the  earth  caving  in.  This  ditch  should  have  a  free 
outlet  at  the  end,  to  provide  a  means  of  disposing  of  the 
water. 

If  the  road  is  built  in  an  excavated  space,  care  must  be 
taken  to  provide  a  ditch  on  each  side  of  the  road,  so  thmt 
the  water  will  not  run  down  into  the  middle  of  the  road. 

No  attempt  should  be  made  to  carry  water  long  distances 
in  side  ditches,  but  frequent  outlets  should  be  made  which 
discharge  into  natural  water-courses. 

The  crown  of  the  road  should  be  at  least  ^  in.  to  1  ft. 
for  the  slope  from  the  center  of  the  road  to  the  side;  and 
should  not  be  more  than  1  in.  to  a  foot  at  the  same  location. 
A  proper  crown  can  be  easily  and  cheaply  made  by  the  use 
of  a  road  machine  or  scraping  grader.  The  crown  should  t>e 
greater  on  steep  grades  than  on  level  portions  of  the  rowL 
since  on  the  grade  the  line  of  steepest  slope  is  not  perpen- 
dicular to  the  length  of  the  road,  and  consequently  the  water 
travels  in  an  oblique  direction  in  getting  down  from  the 
center  of  the  road. 

The  width  of  the  right  of  way  varies  considerably,  but 
is  usually  between  40  and  66  ft  In  the  case  of  a  40-ft  ri^t 
of  way,  28  ft.  are  used  for  ditches  and  wheelway,  and  the 
remainder  reserved  for  footpaths  at  the  sides.  For  a  66-fL 
right  of  way,  54  ft.  are  used  for  ditches  and  roadway,  and 
the  remainder  for  foetpaths. 

The  side  slopes  of  the  earth  for  use  in  different  loca- 
tions and  soils  may  be  found  in  the  section  on  Barth  ESx- 
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cavation  earlier  In  this  volame.  together  with  costs  of  moT- 
Ing  earth,  shrinkage  of  earthwork,  and  labor  quantities  In 
connection  with  the  handling  of  soil  or  earth. 

MACADAM  ROADS  OR  PAVEMENTS 

A  macadam  pavement  Is  one  built  by  placing  small  frag- 
ments of  stone  In  an  excavated  space,  and  compacting  them 
into  a  solid  mass.  This  type  of  road  derives  Its  name  from 
John  Loudon  Macadam,  a  famous  English  builder  of  broken 
stone  roads.  According  to  present  practice,  the  term  "ma- 
cadam" Is  not  altogether  appropriate  when  used  for  a  broken 
atone  road,  but  should  strictly  be  used  to  designate  the  foun- 
dation or  lower  courses  of  a  stone  road  composed  entirely 
of  small  fragments. 

The  construction  of  macadam  roads  and  pavements  con- 
sists, first.  In  excavating  subgrade  similar  to  that  Just  de- 
scribed for  earth  roads.  This  subgrade  must  be  well  drained 
by  tile  drains  or  side  ditches.  Two  forms  of  constructing 
the  roadway  are  In  common  use — turface  construction  and 
trench  construction.  Surface  construction  consists  In  plac- 
ing a  layer  of  broken  stone  upon  the  earth  road,  and  leav- 
ing It  to  be  compacted  by  the  travel  which  passes  over  the 
road.  Where  this  form  of  construction  Is  employed,  some 
stone  such  as  limestone  Is  used  for  the  top  coating,  since  a 
soft  stone  will  pulverize  and  thus  produce  a  binding  agency 
between  the  small  particles  of  rock.  The  trench  form  of 
construction  consists  of  the  excavated  type  referred  to  above, 
with  the  excavation  filled  with  the  broken  stone. 

Madacam  roads  consist  of  two  or  more  layers  of  crushed 
stone,  the  first  being  placed  directly  upon  the  earth  road- 
bed. The  size  of  stone  used  depends  upon  the  hardness  and 
toughness  of  the  stone,  and  upon  the  kind  of  traffic.  The 
harder  and  tougher  the  material,  the  smaller  may  be  the  size 
of  particles  used.  The  stones  In  the  top  course  should  be 
larger  for  heavy  traffic  than  for  light  traffic,  in  order  that 
they  may  not  be  ground  Into  powder.  The  bottom  course 
of  a  macadam  road  built  of  soft  stones  is  often  limited  to 
fragments  of  3  to  4  in.  in  largest  dimensions;  but,  if  of 
hard  stone,  the  size  may  be  reduced  to  2  to  2^  in.  The  top 
course  is  usually  composed  of  stones  1  to  2  in.  in  size  for 
heavy  traffic,  and  H  to  1  in.  in  size  for  light  traffic.  These 
particles  should  be  of  hard,  tough  rock. 

The  subgrade  should  be  rolled  before  placing  the  stone, 
to  prevent  the  particles  from  being  forced  into  the  earth. 
The  lower  course  of  stone  should  be  rolled  to  compact  it  so 
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that  the  pieces  will  not  move  under  traffic.  The  top 
should  be  rolled  to  pack  it  tightly  and  bind  the  pieces  into 
place  so  that  they  may  not  be  knocked  out  by  the  hones' 
feet.  Care  should  be  taken  to  sprinkle  the  rock  during  roll- 
ing so  as  to  work  the  binding  material  into  the  creTloes, 
making  the  surface  water-tight  Since  the  stone  is  put  on 
in  two  or  three  layers,  each  course  should  be  thoroughly 
rolled  before  the  next  is  added.  The  rolling  should  be  done 
from  both  sides  of  the  road,  toward  the  center,  and  should 
continue  until  the  stone  ceases  to  creep  in  front  of  the  roUcTr 
and  until  the  macadam  is  firm  under  the  foot 

The  width  of  a  macadam  road  or  pavement  varies  in  dif- 
ferent localities,  while  10  to  12  feet  may  be  given  as  an 
average  for  country  roads.  A  width  of  16  feet  will  be  safll- 
cient  unless  there  is  considerable  rapid  traffic. 

The  amount  of  the  crown  will  vary  with  the  location  of  the 
road  and  the  grade.  The  average  slope  is  about  1  in.  to  1  ft 
as  the  fall  from  the  center  of  the  road  towards  the  ditch. 

STONE    BLOCK    PAVEMENTS 

Stone  block  pavements  are  used  where  traffic  is  heavy. 
The  material  from  which  the  blocks  are  made  should  be 
hard  enough  to  stand  the  abrasive  action  of  travel,  and 
tough  enough  to  prevent  fracture  by  impact  which  comes 
upon  such  pavements.  The  materials  which  have  been  used 
for  paving  blocks  are  granite,  trap,  sandstone,  and  limestone, 
granite  being  the  most  frequently  used. 

The  foundation  for  a  stone  block  pavement  consists  ot 
a  layer  of  concrete  stone  placed  upon  a  prepared  earth  ex- 
cavation, and  covered  with  a  sand  cushion  about  2  in.  thick. 
This  cushion  is  used  to  bed  the  blocks,  and  to  bring  each 
top  to  a  uniform  surface. 

The  blocks  are  made  of  soimd,  durable  stone  of  as  near 
one  color  as  possible.  These  blocks  are  laid  with  their 
long  dimensions  across  the  street,  except  at  street  inter- 
sections; and  should  be  placed  in  straight  rows,  with  as 
thin  Joints  as  possible.  Each  course  should  be  of  uniform 
width  and  depth,  and  the  bond  in  difTerent  courses  should 
be  at  least  3  in., 'or  as  near  a  half-block  as  possible. 

After  the  blocks  are  in  place,  they  should  be  rammed  or 
tamped  until  they  come  to  a  uniform  bearing  and  even  sur* 
face.  Imperfect  or  broken  blocks  should  be  removed  and  re- 
placed with  perfect  blocks. 

After  the  ramming  is  completed,  the  Joints  are  swept  full 
of  pebbles.    The  size  of  the  pebbles  will  vary  from  ^  to  % 
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in.  In  the  case  of  ordinary  stone  pebbles.  These  pebbles 
are  tamped  down  with  a  bar  haying  a  chisel-shaped  end,  and 
the  joints  filled  again  with  pebbles,  and  again  tamped.  The 
final  filling  of  the  joints  is  completed  by  spreading  fine  sand 
over  the  pavement  and  allowing  traffic  to  work  it  into  the 
joints,  or  by  pouring  hot  tar,  or  a  mixture  of  tar  and  as- 
phalt, over  the  pavement.  The  tarred  joint  makes  a  better 
pavement,  and  provides  a  waterproof  condition.  The  quantity 
of  tar  required  to  fill  the  joints  varies  from  1  to  3%  gallons 
per  square  yard  of  pavement  surface,  according  to  the  size 
of  the  joints  and  the  condition  of  the  pavement  in  general. 
BRICK  AND  BLOCK  PAVEMENTS 

In  the  construction  of  brick  pavements,  the  sub-founda- 
tion should  be  prepared  in  the  same  manner  as  for  the 
construction  of  any  street.  The  earth  should  be  graded, 
and  compacted  to  a  smooth  surface  conforming  to  the  grade 
of  the  finished  street  A  layer  of  concrete  consisting  of 
broken-  stone  or  gravel  mixed  with  sand  or  finer  particles  of 
sand  or  gravel  should  be  laid  to  a  thickness  of  4,  6,  or  6 
inches  on  top  of  this  compacted  earth.  The  amount  of 
water  to  be  used  in  this  concrete  should  be  such  that  the 
surface  of  the  concrete  itself  may  be  made  smooth,  but  at 
the  same  time  able  to  stand  at  a  grade  conforming  with 
that  of  the  finished  street 

A  layer  of  compressed  sand  2  in.  thick  should  be  spread 
on  top  of  the  finished  concrete  to  form  a  cushion  upon  which 
to  lay  the  brick.  This  layer  of  sand  may  be  compacted  to 
a  uniform  density  by  the  use  of  an  ordinary  lawn  roller 
weighing  300  pounds,  and  by  the  use  of  a  template  with  a 
steel  face  which  will  cut  the  sand  to  an  exact  2-in.  uniform 
depth.  This  sand  cushion  furnishes  a  uniform  and  ample 
support  to  the  surface  of  the  brick,  and  at  the  same  time 
affords  sufficient  resiliency  both  to  protect  the  brick  from 
chipping  and  the  cement  filler  from  breaking,  due  to  vibra- 
tions of  the  impact  or  to  the  weight  of  the  load  to  which 
it  is  to  be  subjected. 

The  brick  should  be  placed  on  edge  along  this  cushion 
with  the  best  edge  up;  then  rolled  with  a  5-toii  roller,  bring- 
ing the  surface  of  the  bricks  to  a  perfect  plane.  After  the 
bricks  are  laid,  a  space  from  1  to  1^  inches  in  width,  and 
to  a  depth  of  the  brick,  should  be  provided  along  the  curb 
by  placing  a  board  that  may  be  finally  withdrawn.  This  pro- 
duces a  space  in  which  pitch  may  be  "poured  to  serve  as 
a  cushion  for  the  contraction  and  expansion  of  the  pavement 
occurring  during  the  seasons  of  extreme  heat  or  cold. 
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The  whole  pavement  is  then  made  into  a  monolithic  fomi 
by  carefully  filling  all  the  Joints  with  a  mixture  of  grout 
composed  of  1  part  Portland  cement  and  1  part  fine,  sharp 
sand.  This  mixture  must  be  so  applied  that  the  sand  and 
cement  shall  be  held  in  place  in  the  proportion  named  and 
to  the  full  length  of  the  Joints.  This  is  done  by  mixing 
the  grout  filler  in  small  batches  not  exceeding  one  sack  of 
cement  and  an  equal  amount  of  sand»  in  a  box  standing  on 
legs  of  uneven  length,  so  that  during  the  mixing  process  the 
wet  mixture  will  continually  run  back  to  the  low  end  of 
the  box  while  being  turned  over  with  a  hoe. 


Fig.  1.  Cross^ection  of  Street  Paved  with  Brick,  as  Recom- 
mended by  the  National  Paving  Brick  Manufacturers'  As- 
sociation. 


The  grout  mixture  is  lifted  out  with  a  scoop  shovel,  and 
deposited  upon  the  street  a  shovelful  at  a  time,  and  then 
swept  into  the.  joints  immediately.  The  Joints  should  thus 
be  filled  full,  and  flush  with  the  surface  of  the  pavement 
A  rattan  or  fiber  broom  is  used  in  the  application  of  the  first 
coat  of  grout,  while  a  squeegee  is  used  in  the  application 
of  the  final  coat  i 

The  finished  pavement  should  be  protected  from  heat  and 
cold;  and  a  slow  setUng  of  the  filling  grout  should  be  brought 
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about  by  spreading  a  thin  layer  of  sand  over  the  surface. 
In  extremely  hot  weather  this  coating  of  sand  should  be  wet 
by  sprinkling.  The  boards  along  the  curb  should  be  with- 
drawn at  this  time,  and  the  space  left  filled  with  the  mate- 
rial used  for  the  expansion  cushion. 

A  pavement  built  in  this  way  will  last  in  perfect  con- 
dition without  a  penny  of  repair  for  about  35  years,  in  an 
entirely  satisfactory  condition  for  travel. 

The  bricks  used  for  paving  are  about  8%  x  4  x  2%  in. 
in  size.  Another  size  of  brick,  commonly  called  a  block,  is 
9  X  4  X  3  in. 

The  method  of  laying  brick  pavements  is  illustrated  in 
Pig.  1,  which  shows  also  two  types  of  curbing-^ne  for  city 
streets  (on  left),  and  one  suitable  for  country  roads  (on 
right). 

The  cost  of  a  brick  pavement  with  pitched  joints  such  as 
shown  in  Fig.  1  is  about  $2.60  per  sq.  yd.;  while  the  cost 
of  the  curbing  as  shown  on  the  left,  is  about  45  cents  per 
linear  foot. 

In  determining  the  number  of  brick  necessary  for  pav- 
ing any  desired  area.  Table  1  will  be  found  of  assistance. 

TABLE   1 
Covering  Capaeity  of  Paving  Brick 


SiXB 

NUMBSII  RsQunuD 
FOB  Each  Sqtmlrx  Foot 

SiSB 
OF 

Brick 

NUMBBB  RSQUIRED 
FOR  EACH  BQUARB  FOOT 

Buck 

Laid  on 
Edge 

Laid 
Flat 

Laid  on 
Edge 

Laid 
Flat 

2    x4    x8     in. 

8    z4    z8    in. 

8    x4Hz8Hin. 

7.8 

6.8 

6.4 

6 

5.7 

4.5 
4.1 
3.8 
3.6 
4.5 
3.8 

3  z4Hx9     in. 

4  z4    z8     in. 
4     x4     xO     in. 

4Hx4Hx8Hin. 
4Hx4Hx9     in. 

5.4 
4.5 

4 

3.8 

3.6 

3.6 
4.5 

4 

3.8 

3.5 

Cost  of  Brick  and  Block  Pavements 
The  following  items  are  to  be  taken  into  consideration  in 
figuring  costs  in  this  connection: 

Cost  of  grading  street 15  to  50c  per  cu.  yd. 

Average  value  in  easy  soil  and  moderate 

cuts  20  to  30c  per  cu.  yd. 

Dressing  off  subgrade  and  loading  material  into  wag- 
ons   2^  to  3c  sq.  yd. 

Rolling  with  horse  roller,  longitudinally 0.1  to  .15c  sq.  yd. 

(With  interest  on  investment  in  roller  per  year,  may 
be  as  high  as  ^  to  Ic  sq.  yd.) 
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Rolling  with  steam  roller,  longitudinally  and  trans- 
versely, without  interest,  depreciation,  or  stor- 
age   He  sq.  yd 

Cost  of  4-inch  course  of  concrete: 

Materials  30c  sq.  yd. 

Labor  4  to  6c  sq.  yd 

♦Price  of  brick  per  thousand,  at  kiln |7.00  to  |15.0« 

(Size  2%  X  4  X  8%  in.)    Average 8.00  to    10.00 

Cost  per  sq.  yd.,  exclusive  of  freight 43  to  54c 

Price  of  repressed  blocks  per  thousand,  at  kiln 

112.00  to  114.0(1 

(Size  3  X  4  X  9  in.) 

Cost  per  sq.  yd.,  exclusive  of  freight 55  to  65c 

Cost  of  hauling  and  piling  on  side  of  street  (haul  of  1 
mile;  three  wagons  with  each  team) |1.00  per  1,000 

Brick,  4  in.  of  brick  on  3  in.  of  sand,  65  to  85  cents  per 
sq.  yd. ;  4  in.  of  brick  on  6  in.  of  natural  cement  concrete  and 
IM^-in.  cushion  of  sand,  $1.20  to  |1.60  per  sq.  yd.;  sidewalks, 
2  in.  of  brick  on  sand,  50  to  80  cents  per  sq.  yd. 

The  following  analysis  of  the  cost  of  brick  paving  is  taken 
from  "Engineering  News,"  July  24,  1902: 

"The  following  is  a  summary  of  the  cost  of  paving  with 
brick  laid  on  edge,  wages  being  25  cents  per  hour  for  pavers 
and  15  cents  for  laborers: 

fNumber  of  bricks  set  by  1  man  per  day: 

Average  man    10,000  to  12,000  (small)  in  10  hrs. 

Expert  • 15,000  (small)  in  10  hr». 

Average  man  8,000  to  10,000  (large)  in  10  hrs. 

Expert 10,000  to  12,000  (large)  in  10  hrs. 


•In  estimating  freight,  a  brick 

2  x4x8       inches  weighs  about  6  pounds. 
2V&x4x8V&  inches  weighs  about  7  pounds. 

3  z4x9       inches  weighs  about  9  pounds. 

Lfoss  in  broken  and  rejected  bricks,  from  2  to  4  per  cent. 

tProf.  Ira  O.  Baker,  in  "Roads  and  Pavements."  says:  *'The 
organization  of  a  paving  gang  is  usually  about  as  follows: 

1  Man  in  charge  of  spreading  the  sand  cushion |  2.!>*> 

1  Helper  on  the  sand  cushion 1 . 5'> 

6  Men  wheeling  blocks  from  wagons 9.«»«^ 

4  Men  setting   blocks 10.t«»» 

1  Man  sweeping  pavement  and  flUing  Joints  with  sand.,      l.r.* 
1  Foreman    In   general   charge 5.«»v> 

Total  per  day  of  10  hours 129. f.^ 

"This    gang  should   at  Jeast    lay    1,000    square   yards    In    1« 
hours. 
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Cost  of  filling  joints  in  a  brick  pavement: 

With  sand  2c  sq.  yd. 

With  tar  10  to  12c  sq.  yd. 

With  Portland  cement  grout,  mixed  in  small 

lots 10  to  12c  sq.  yd. 

With  Portland  cement  grout,  uniform  brick,  thin 

Joints 9  or  10c  sq.  yd. 

Cost  of  expansion  joints: 

1  gal.  tar  at  8c  for  each  5  or  6  sq.  yds.  of  pave- 
ment   l^c  sq.  yd. 

Add,  also,  cost  of  administration,  tools,  profits,  etc. 
If  brick  blocks  are  piled  at  side  of  street,  add  2  or  3  cents 
per  square  yard. 

The  prices  of  labor  and  material  will  vary  from  the  above 
according  to  the  locality,  and  this  outline  may  be  changed  to 
suit  local  conditions. 

Other  estimates  taken  from  various  sources  give  the  fol- 
lowing costs,  which  may  be  used  in  checking  details  local 
estimates: 

Brick  work  only,  15  to  20  cents  per  square  yard. 

COST   OP  BRICK  PAVING 

Cost  per 
Square  Yard 

57  "pavers"  at  $10  per  M $0.57 

Hauling  1^  miles  over  earth  roads 06 

Laying  pavers,  including  labor  of  grouting 08 

0.18  cu.  ft  =  1/150  cu.  yd.  of  grout* 05 

1/36  cu.  yd.  sand  cushion  at  |1.08  cu.  yd 03 

Plank  to  protect  concrete * 01 

Total  net  cost $0.80 

Add  about  19  per  cent  for  profit 15 

Contract  price  $0.95 

"To  this,  of  course,  must  be  added  the  cost  of  grading 

and  cost  of  concrete  foundation." 

Table  2  may  be  used  in  computing  the  number  of  bricks 

required  for  top  course  of  pavement 

WOOD  BLOCK  PAVEMENTS 
Good  practice  demands  that  creosoted  wood  blocks  be  laid 
upon  foundation  of  a  solid,  non-flexible  material  such  as  con- 
crete, of  sufficient  depth  to  accommodate  the  traffic  to  which 
it  will  be  subjected.    Upon  this  solid  foundation,  which  is  gen- 

*1  part  Portland  cement  to  2  parts  sand. 
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TABLE  2 
Number  of  Bricks  Required  for  One  Square  Yard  of  Pavement 
Top  Course 
The  upper  number  in  each  case  Is  for  ^-In.  Joints,  and 
the  lower  for  %-in.  joints. 


(Prof.  Ira  O.  Baker.) 
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erally  5  or  6  in.  in  depth,  a  cushion  coat  of  either  a  lean  xna^ 
tar  or  dry  sand  is  spread  to  a  thickness  varying  from  %  to 
1%  in.,  depending  upon  the  grade  and  crown  of  the  street 
Fig.  2  shows  a  section  of  street  where  block  payement  is 
used. 

The  object  of  a  cushion  coat  is  to  absorb  the  shock  of 
Impact  applied  by  horses  or  vehicles  passing  over  the  blocks. 
The  Joints  between  the  blocks  should  be  filled  with  any  one 
of  the  following  fillers:  tar,  asphalt,  a  mixture  of  the  two,  or 
sand.  The  most  common  and  least  expensive  filler  used 
is  sand,  but  a  tar  filler  is  and  has  been  used  with  great  sue-^ 
cess  in 'St.  Louis  and  other  cities. 

The  best  practice,  however,  in  laying  wood  blocks  ia  to 
lay  them  with  tight  Joints.  This  is  done  by  laying  a  plank 
alongside  of  every  tenth  transverse  row  or  so,  and  hammer* 
ing  the  blocks  into  straight  lines  and  as  close  together  as 
possible.  It  is  obvious  that  this  method  of  laying  demands 
even  more  or  heavier  expansion  Joints  than  the  open  method. 
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The  customary  method  of  laying  expansion  Joints  Is  to 
place  a  strip  of  wood  1  by  6  In.  directly  against  the  curb, 
and  resting,  edge  down,  on  the  sand  cushion.  The  blocks  are 
then  laid  against  this  strip  of  wood.  When  the  street  has 
been  paved  from  curb  to  curb,  these  strips  are  removed,  and 
the  remaining  space  filled  with  some  tar  or  bituminous  com* 
pound  which  has  been  prepared  for  the  purpose. 


Fig.  2.    Section  of  Street  Paved  with  Creosoted  Wood  Blocks. 

These  transverse  joints  alone  are  not  sufficient  to  guar- 
antee  a  good  street.  Expansion  along  the  short  axis  of  the 
block  or  in  the  direction  of  the  street  (longitudinally)  must 
be  provided  for.  The  fact  that  the  expansion  of  the  blocks 
is  less  in  this  direction  than  across  the  street,  as  was  just 
shown,  makes  it  necessary  to  provide  only  occasional  trans- 
verse joints.  Common  practice  uses  a  14n.  joint  at  100  or  200- 
ft  intervals,  depending  somewhat  upon  the  grade  and  other 
local  factors. 

CONCRETE  PAVEMENTS 

An  analysis  of  the  vital  points  which  unite  to  produce  a 
satisfactory  concrete  pavement,  might  result  in  the  following 
divisions: 

1.  A  thoroughly  compacted  sub-foundation,  cleared  from 
any  material  which  may  afterward  change  its  shap6  or  con- 
diUon. 

2.  A  porous,  well-drained  foundation,  rolled  or  thoroughly 
compacted  to  receive  the  concrete  base-slab. 

3.  A  base-slab  of  first-class  Portland  cement  concrete  o' 
a  thickness  sufficient  to  stand  the  type  of  traffic  common  to 
the  street. 

4.  A  wearing  surface  or  layer  of  concrete  oomposed  of  a 
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Standard  quality  of  Portland  cement  and  carefully  selected 
aggregates. 

5.  An  elastic  membrane  coating  to  prevent  chipping  and 
to  reduce  glare. 

6.  Use  only  the  best  quality  of  clean,  carefully  selected 
and  graded  materials,  and  see  that  the  workmanship  is  in 
keeping  with  the  materials. 

Various .  types  of  concrete  pavements  are  in  use  today, 
some  of  which  are  patented.  \a  the  more  common  methods 
of  construction,  the  mixed  concrete  is  laid  in  blocks  or  sec- 
tions and  finished  at  once,  or  a  thoroughly  rolled  body  of 
stone  is  flushed  with  a  thin  cement  grout  and  rolled  down 
to  a  solid  and  compact  mass.  In  other  types,  a  special  top 
dressing  of  tar  and  sand  is  used.  There  is  one  instance  on 
record  where  the  pavement  consists  of  2-in.  concrete  cubes 
laid  in  a  bed  of  sand  on  a  rolled  stone  foundation.  The  cracks 
between  the  blocks  are  swept  full  of  sand.  This  produces 
a  very  cheap  form  of  pavement,  and  its  wearing  qualities  are 
watched  with  interest  Where  the  wear  is  not  excessive,  the 
top  layer  of  concrete  is  often  omitted,  and  the  base  layer 
troweled  to  a  smooth  finish. 
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Pig.  3.    Standard  Section  of  Blome  Granitoid  Pavement. 

Where  the  soil  is  sandy  or  composed  largely  of  gravel, 
the  concrete  base  may  be  laid  without  additional  founda- 
tion. Otherwise  a  layer  of  compacted  and  fiooded  sand, 
gravel,  or  stone  must  be  used,  as  shown  in  Fig.  3.  Expan- 
sion Joints  are  cut  through  blocking  and  surface,  both  at  the 
Bides  of  the  pavement  and  extending  across  the  width.  These 
Joints  are  filled  with  a  patented  preparation.  The  surface 
is  finally  finished  by  grooving  with  special  apparatus,  so  that 
a  paving  block  effect  is  produced.  The  grooves  form  rec- 
tangles about  4^  inches  by  9  inches  in  size. 

The  Rudolph  S.  Blome  Company  recommends  the  follow- 
ing mixtures  of  concrete  for  use  in  bases  and  wearing  sur- 
faces: The  base  to  be  composed  of  1  part  Portland  cement, 
8  parts  sand,  and  4  parts  crushed  limestone,  trap  rock,  or 
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Clean  gravel.  Stone  shall  be  clean  and  not  more  than  1^ 
inches  nor  less  than  ^  inch  in  any  dimension.  Concrete  to 
be  machine-mixed,  and  shall  be  mixed  at  least  fire  times 
before  removal  from  the  mixer.  The  wearing  surface  to  be 
composed  of  2  parts  Portland  cement  and  3  parts  clean  cmsb- 
ed  granite,  trap  rock,  hard  stone,  boulders,  or  gravel,  with 
all  dust  removed.  Fifty  per  cent  of  this  crashed  material 
should  be  %-inch  in  size;  thirty  per  cent  %-inch  in  sise; 
and  twenty  per  cent  1/16-inch  in  size.  The  Blome  pavement 
consists  of  a  5%-inch  layer  of  concrete  base,  laid  on  a  rolled 
and  prepared  bed  and  covered  with  a  1%-inch  wearing  coat 
of  richer  concrete. 

A  form  of  concrete  pavement  patented  by  the  Hassam  Pav- 
ing Company  is  laid  in  the  form  of  a  grouted  macadam  street 
The  sub-grade  is  thoroughly  compacted  and  covered  with  a 
layer  of  broken  stone  to  a  depth  of  6  inches.  This  layer 
of  stone  conforms  to  tbe  grade  and  contour  of  the  street  in 
such  a  manner  that  a  constant  thickness  is  maintained  at  all 
points.  This  layer  of  stone  is  then  thoroughly  rolled  down 
to  place,  and  grouted  with  a  1:2  Portland  cement  and  sand 
grout.  All  voids  in  the  layer  of  stone  are  filled  with  the  groat, 
and  the  mass  rolled  with  a  heavy  roller  until  the  grout 
flushes  to  the  surface  at  all  parts.  A  thin  finishing  coating 
of  pea  stone  is  then  spread  dn  the  top  of  this  base,  and 
grouted  and  rolled  as  before. 

An  interesting  type  of  concrete  pavement  is  found  at  Ann 
Arbor,  Michigan.  This  pavement  is  constructed  by  the  ordi* 
nary  mixing  and  depositing  method,  and  consists  of  a  base 
layer  5  inches  thick,  composed  of  a  mixture  of  1  part  Port- 
land cement  and  8  parts  sand  and  gravel,  covered  with  a 
top  layer  2  inches  thick,  composed  of  a  1:2  mixture  of  Port- 
land cement  and  sand..  When  the  concrete  is  partially  set 
and  is  dry,  a  thin  coating  of  tar,  or  other  product  of  similar 
nature,  is  spread  over  the  surface  of  the  pavement.  Before 
this  tar  is  dry,  it  is  covered  with  a  uniform  layer  of  clean. 
sharp  sand.  All  joints  are  filled  flush  with  the  pavement 
surface  with  pitch  or  tar  and  sand.  It  is  stated  that  this 
form  of  concrete  pavement  is  proving  very  satisfactory.  The 
color  is  such  that  glare  is  done  away  with,  since  the  pave- 
ment resembles  street  asphalt  Noise  and  reflection  of  heat 
are  lessened;  expansion  joints  disappear  from  view,  and  ars 
protected  on  the  edges  from  chipping;  and  should  cracks 
appear  in  the  pavement  surface,  they  can  easily  be  hidden  by 
an  application  of  the   tar  and   sand. 

During  the  construction  of  concrete  pavements,  too  great 
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care  cannot  be  taken  to  see  that  eacli  step  in  the  process 
Is  finished  in  a  complete  manner.  The  subsoil  should  be 
properly  shaped,  graded,  and  compacted  by  rolling  with  a 
roller  weighing  not  less  than  10  tons.  All  old  timbers  and 
similar  matter  should  be  removed,  all  soft  spots  filled  with 
sand  or  gravel,  and  a  properly  drained  and  compacted  bed 
prepared  to  receive  the  base.  The  concrete  may  be  hand- 
mixed  where  the  size  of  the  job  will  not  warrant  the  use  of 
a  mixer.  Machine-mixed  concrete  will  generally  be  of  a 
l>etter  quality.,  The  consistency  of  the  mixture  should  be 
fairly  dry,  but  wet  enough  so  that  the  mortar  will  come  to 
the  surface  by  ramming  slightly.  The  operation  of  mixing 
and  placing  both  the  base  concrete  and  wearing  surfaee^ 
should  be  carried  on  as  quickly  as  possible.  In  some  in- 
stances a  strip  is  laid  across  the  whole  width  of  a  street, 
and  in  others  only  in  the  center.  The  wearing  coat  should 
be  placed-  before  the  base  has  had  time  to  set,  and  finished 
by  grooving  or  brushing  as  soon  as  it  is  hard  enough.  Where 
Joints  are  to  be  made  between  concrete  which  has  set  and 
new  work,  care  should  be  taken  to  see  that  the  old  work 
is  clean,  that  it  presents  a  vertical  surface  at  the  joint, 
and  that  it  is  thoroughly  wet. 

The  use  of  expansion  joints  at  the  curbs  and  across  the 
roadway  at  intervals  of  about  25  feet,  is  common  practice. 
The  curb  joints  are  about  1  inch  in  thickness,  while  those 
crossing  the  pavement  are  about  ^  inch  wide.  This  joint 
extends  clear  through  the  concrete,  and  is  filled  with  an 
asphalt  or  tar  filler.  Half  way  between  these  25-foot  ex- 
pansion joints,  there  should  be  a  contraction  joint.  This 
contraction  joint  is  only  about  ^  inch  in  width,  and  extends 
clear  through  the  concrete.  Curbs  should  be  placed  before 
any  pavement  work  is  commenced. 
TABLE  4 
Offsets  for  Crowning  Streets  of  Various  Widths 
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Table  4,  taken  from  data  published  by  the  Atlas  Port- 
land Cement  Company,  shows  a  method  for  producing  the 
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crown  or  curve  to  a  pavement,  necessary  for  proper  dralnifie 
to  the  curbs.  Longitudinal  drainage  will  have  to  be  pro> 
vided  either  by  grading  the  street  or  by  changing  the  crowa 
'  at  intervals.  A  longitudinal  grade  of  4  inches  in  100  feet 
of  length  of  pavement  should  carry  away  water  from  a  con- 
crete pavement 

The  scheme  in  connection  with  Table  4  is  to  lay  out  a 
template  or  line  of  stakes  by  first  locating  a  level  line  it 
the  proper  height  of  the  center  of  the  finished  pavement 
above  the  curbs;  then  dividing  the  distance  between  the 
center  of  the  street  and  curbs  into  thirds,  and  laying  off 
a  certain  ordinate  or  vertical  distance  downwards  from  the 
reference  line.  For  instance,  in  the  case  of  a  24-foot  roadway 
with  a  3-inch  crown,  the  two  stakes  to  be  driven  or  points 
to  be  located  on  a  template  at  the  one-third  points  near  the 
center  of  roadway;  should  be  placed  at  a  distance  of  H-inch 
below  the  level  string  or  straight  edge  of  board.  Likewise 
the  points  on  the  two-thirds  points  should  be  located  l\i 
inches  downward  from  the  reference  line. 

In  connection  with  the  details  of  construction  in  the  case 
of  ordinary  concrete  pavements,  it  may  be  well  to  refer  to 
the  proportions  commonly  adopted,  use  of  expansion  and  con- 
traction Joints,  etc.  Proportion  used  in  mixing  the  con- 
crete base  vary  from  a  1:2:5  mixture  up  to  a  1:3:7  mix- 
ture, depending  upon  the  nature  of  the  traffic.  A  1:3:6  mix- 
ture is  claimed  to  give  a  good  foundation  in  ordinary  cases. 
The  thickness  of  a  base  composed  of  this  mixture  should  be 
5  or,  better,  6  inches. 

The  wearing  surface  may  be  of  a  1:2  mixture  of  cement 
and  sand,  or  a  combination  of  cement,  sand,  and  fine  crushed 
rock.  Several  mixtures  of  this  nature  are  referred  to  in  this 
article,  and  it  is  claimed  that  they  are  giving  satlsfactioiL 

PROPOSED  REVISED  STANDARD  SPECIFICATIONS  FOR 
CONCRETE  ROADS  AND  STREET  PAVEMENTS 

Presented  to  the  National  Association  of  Cement  Uaert»  !>•• 
cember,  1912 

MATERIALS 

1.  Cement.  The  cement  shall  meet  the  requiremeiits 
of  the  Standard  Specifications  for  Testing  Materials,  and 
adopted  by  this  Association  (Standard  No.  1). 

2.  Fine  Aggregate  for  Concrete.  Fine  aggregate  shall 
consist  of  sand,  crushed  stone,  or  gravel  screenings  grade 
from  fine  to  coarse,  and  passing,  when  dry,  a  screen  having 
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^-in.  diameter  holes;  shall  be  preferably  of  silicious  mate- 
rial, clean,  coarse,  free  from  dust,  soft  particles,  loam,  vege- 
table or  other  deleterious  matter;  and  not  more  than  3 
per  cent  shall  pass  a  sieve  having  100  meshes  per  linear 
inch.  Fine  aggregate  shall  be  of  such  quality  that  mortar 
composed  of  1  part  Portland  cement  and  3  parts  fine  aggre- 
gate, by  weight,  when  made  into  briquettes,  will  show  a  ten- 
sile strength  at  least  equal  to  the  strength  of  1:3  mortar  of 
the  same  consistency  made  with  the  same  cement  and  Stand- 
ard Ottawa  sand.  In  no  case  shall  fine  aggregate  containing 
frost  or  lumps  of  frozen  material  be  used. 

3.  Aggregate  for  Wearing  Course.  The  aggregate  shall 
consist  of  screened  gravel  or  stone  screenings  from  granite 
or  other  close-grained  durable  rock,  sufficiently  hard  to 
scratch  glass,  free  from  loam  or  other  deleterious  matter, 
mixed  in  the  proportion  of  3  parts  passing  a  %-in.  ring  and 
retained  on  a  screen  having  ^-in.  diameter  holes  and  retained 
on  a  screen  having  50  meshes  per  linear  inch.  In  no  case 
shall  aggregate  for  wearing  course  containing  frost  or  lumps 
of  frozen  material  be  used. 

4.  Coarse  Aggregate  for  Concrete.  Coarse  aggregate 
shall  consist  of  inert  materials  such  as  stone  or  gravel, 
graded  in  size,  retained  on  a  screen  having  ^-in.  diameter 
holes;  shall  be  clean,  hard  and  durable,  free  frqm  dust,  vege- 
table, or  other  deleterious  matter,  and  shall  contain  no  soft, 
flat,  or  elongated  particles.  In  no  case  shall  coarse  aggre- 
gate, containing  frost  or  lumps  of  frozen  material  be  used. 
The  maximum  size  of  the  coarse  aggregate  shall  be  such 
as  to  pass  a  1^-in.  ring. 

5.  Natural  Mixed  Aggregate.  Natural  mixed  aggregates 
shall  not  be  used  as  they  come  from  deposits,  but  shall  be 
screened  and  remixed  to  agree  with  the  proportions  speci- 
fied. 

6.  Sub-Base.  Only  clean,  hard,  suitable  material,  not 
exceeding  4  in.  in  the  largest  dimensions,  shall  be  used. 

7.  Water.  Water  shall  be  clean,  free  from  oil,  acid,  al- 
kali, or  vegetable  matter. 

8.  Coloring.  If  arUficial  coloring  matter  is  required,  only 
mineral  colors  shall  be  used, 

9.  Reinforcing  Metal.  The  reinforcing  metal  shall  meet 
the  requirements  of  the  Standard  Specifications  for  Steel 
Reinforcement  adopted  March  16,  1910,  by  the  American  Rail- 
way Engineering  Association. 
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SUB-GRADE 

10.  Section.  The  subgrade  shall  have  a  rise  at  the  centflr 
of  not  more  than  1/100  the  width  of  the  pavement 

11.  Depth,  (a)  The  subgrade  shall  not  be  leea  than 
12  in.  below  the  finished  surface  of  the  pavement 

(b)  The  subgrade  shall  not  be  less  than  6  in.  below  the 
finished  surface  of  the  pavement 

12.  Preparation.  All  soft  and  spongy  places  shall  be  re- 
moved, and  all  depressions  filled  with  suitable  material  which 
shall  be  thoroughly  compacted  in  layers  not  exceeding  6  in. 
in  thickness. 

13.  Deep  Fills.  When  a  fill  exceeding  1  ft  in  thickness 
is  required  to  bring  the  pavement  to  grade,  it  shall  be  made 
in  a  manner  satisfactory  to  the  engineer. 

14.  Drainage.  When  required,  a  suitable  drainage  sys- 
tem shall  be  installed  and  connected  with  sewers  or  other 
drains  indicated  by  the  engineer. 

Note — ^When  a  sub-base  is  required,  eliminate  Paragraph 
11-b.  When  sub-base  is  not  required,  eliminate  Paragraph  6» 
11-a,  15,  and  16.    Unless  11-a  is  eliminated.  11-b  is  void. 

15.  Thickness.  On  the  sub-grade  shall  be  spread  a  ma- 
terial as  hereinbefore  specified,  which  shall  be  thoroughly 
rolled  and  tamped  to  a  surface  at  least  6  in.  below  the  fin- 
ished grade  of  the  pavement 

16.  Wetting.  While  compacting  the  sub-base,  the  material 
shall  be  kept  thoroughly  wet,  and  shall  be  in  that  condition 
when  the  concrete  is  deposited. 

FORMS 

17.  Materials.  Forms  shall  be  free  from  warp  and  of 
sufllcient  strength  to  resist  springing  out  of  shape. 

18.  Setting.  The  forms  shall  be  well  staked  or  otherwise 
held  to  the  established  lines  and  grades,  and  their  upper 
edges  shall  conform  to  the  established  grade*  of  the  pave- 
ment. 

19.  Treatment.  All  wood  forms  shall  be  thorou^ly 
wetted  and  metal  forms  oiled  before  depositing  any  mate- 
rial against  them.  AH  mortar  and  dirt  shall  be  removed 
from  forms  that  have  been  previously  used. 

EXPANSION    JOINTS 

20.  Width  and  Location.  Expansion  Joints  not  less  than 
%  in.  nor  more  than  ^^  in.  in  width  shall  be  placed  across 
the  street  or  road,  not  more  than  25  ft.  apart  When  a 
curb  or  combination  curb  and  gutter  is  used,  a  H-in.  joUit 
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shall  be  placed  between  it  and  the  pavement.  All  expan- 
sion Joints  shall  extend  through  tjie  entire  thickness  of  the 
pavement. 

21.  Joint  Filler.  The  expansion  Joint  filler  for  open  Joints 
shall  be  a  suitable  bitumen  that  will  not  become  soft  In 
hot  weather  or  hard  and  brittle  in  cold  weather.  Expansion 
joints  may  also  be  formed  by  inserting  during  construction, 
and  leaving  in  place,  a  total  thickness  of  ^  in.  of  tarred 
paper  or  tarred  felt 

22.  Protection  of  Edges.  When  required  by  the  engineer 
In  charge,  the  concrete  at  the  expansion  Joints  shall  be  pro- 
tected with  metal.  Unless  protected  by  metal  or  filled  with 
tarred  paper  or  felt,  the  upper  edges  of  the  concrete  shall 
be  rounded  to  a  radius  of  %  in. 

MEASURING  AND  MIXING 

23.  Measuring.  The  method  of  measuring  the  materials 
for  the  concrete,  including  water,  shall  be  one  which  will 
insure  separate  uniform  proportions  at  all  times.  A  sack  of 
Portland  cement  (94  pounds  net)  shall  be  considered  1  cu.  ft 

24.  Machine  Mixing.  When  the  conditions  will  permit,  a 
machine  mixer  of  a  type  which  insures  the  uniform  propor- 
tion of  the  materials  throughout  the  mass,  shall  be  used. 
The  ingredients  of  the  concrete  or  mortar  shall  be  mixed 
to  the  desired  consistency,  and  the  mixing  shall  continue 
until  the  cement  Is  uniformly  distributed  and  the  mass  Is 
uniform  in  color  and  homogeneous. 

25.  Hand  Mixing.  When  it  is  necessary  to  mix  by  hand, 
the  materials  shall  be  mixed  dry  on  a  water-tight  platform 
until  the  mixture  is  of  uniform  color,  the  required  amount 
of  water  added,  and  the  mixing  continued  until  the  mass 
is  of  uniform  color  and  homogeneous. 

26.  Retempering.  Retempering,  that  Id,  remixing  mortar 
or  concrete  that  has  partially  hardened,  with  additional  water, 
will  not  be  permitted. 

TWO-COURSE   PAVEMENT 
^    Base 

27.  Proportions.  The  concrete  shall  be  mixed  in  the  pro- 
portion of  1  sack  Portland  cement,  2Mi  cu.  ft  fine  aggre- 
gate, and  5  cu.  ft  coarse  aggregate. 

28.  Consistency.  The  materials  shall  be  mixed  with  suf- 
ficient water  to  produce  a  concrete  of  a  consistency  such  that 
mortar  will  flush  to  the  surface  under  light  tamping,  but 
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wbtch  can  be  handled  without  causing  a  separation  of  the 
coarse  aggregate  from  the  mortar. 

29.  Placing.  After  mixing,  the  concrete  shall  be  handled 
rapidly  into  place  and  successive  batches  deposited  In  a 
continuous  operation,  completing  sections  between  exponatoo 
Joints  without  the  use  of  intermediate  cross-forms  or  bulk- 
heads. Concrete  shall  not  be  used  that  has  partially  hanl- 
ened.  The  concrete  shall  be  well  tamped  to  a  surface  the 
thickness  of  the  wearing  surface  below  the  established  grade 
of  the  pavement.  Workmen  shall  not  walk  on  freshly  laid 
concrete;  and  if  sand  or  dust  collects  on  the  base,  it  shall 
be  removed  before  the  wearing  course  is  applied. 

30.  Reinforcing.  On  streets  more  than  20  ft  wide  not 
having  car  tracks,  the  pavement  shall  be  reinforced  with 
wire  fabric  or  with  plain  or  deformed  bars.  The  crosa«ee- 
tional  area  of  metal  shall  amount  to  at  least  0.041  sq.  in.  per 
foot  measured  parallel  to  the  axis  of  the  street,  and  at 
least  0.025  sq.  in.  per  foot  measured  perpendicular  to  the 
axis  of  the  street.  The  reinforcing  metal  shall  be  placed 
upon  and  slightly  pressed  Into  the  concrete  base  immediately 
after  the  base  is  placed.  Reinforcing  metal  shall  not  cross 
expansion  joints,  and  shall  be  lapped  sufficiently  to  devek>p 
the  strength  of  the  metal. 

WEARING  COURSE 

31.  Proportions.  The  mortar  shall  be  mixed  in  the  man- 
ner hereinbefore  specified  in  the  proportion  of  1  sack  Port- 
land cement  and  not  more  than  2  cu.  ft  of  aggregate  for 
wearing  course. 

%2.  Consistency.  The  mortar  shall  be  a  consistency  that 
will  not  require  tamping,  but  which  can  be  easily  spread 
Into  position  with  a  template  or  straight-edge. 

33.  Thickness.  The  wearing  course  of  the  pavement  In 
residence  districts  shall  have  a  minimum  thickness  of  IH 
in.,  and  in  business  districts  a  minimum  of  2  in.  in  thick- 
ness. 

34.  Placing.  The  wearing  course  shall  be  placed  immedi- 
ately after  mixing,  and  in  no  case  shall  more  than  60  min- 
utes elapse  between  the  time  the  concrete  for  the  base  is 
mixed  and  the  time  the  wearing  course  is  placed. 

36.  Finishing.  After  the  wearing  course  has  been  brought 
to  the  established  grade  with  a  template  or  straight-edge, 
it  shall  be  worked  with  a  wood  float  in  a  manner  to  thor 
oughly  compact  it  and  produce  a  comparatively  smooth  sur- 
face, free  from  depressions  or  inequalities  of  any  kind.    The 
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Unished  surface  of  the  concrete  shall  not  vary  more  than 
^  in.  from  a  2-ft  straight-edge  placed  upon  the  concrete  in 
any  position. 

36.  Coloring.  If  artificial  coloring  is  used,  it  must  be 
Incorporated  with  the  entire  wearing  course,  and  shall  be 
mixed  dry  with  the  cement  and  aggregate  until  the  mix- 
ture is  of  uniform  color.  In  no  case  shall  the  amount  of 
coloring  used  exceed  5  per  cent  of  the  weight  of  the  cement. 

ONE-COURSE  PAVEMENT 

The  general  requirements  of  the  specifications  covering 
twoK^ourse  work  will  apply  to  one-course  work,  with  the  fol- 
lowing exceptions: 

37.  Proportions.  The  concrete  shall  be  mixed  in  the  pro- 
portion of  1  sack  Portland  cement  to  not  more  than  2  cu.  ft 
of  fine  aggregate  (paragraph  2)  or  aggregate  for  wearing 
course  (paragraph  3),  and  3  cu.  ft.  of  coarse  aggregate  pass- 
ing a  1-in.  ring. 

38.  Placing  and  Finishing.  The  concrete  shall  be  placed 
and  finished  as  provided  for  under  "Two-Course  Pavement," 
"Base"   and   "Wearing  Course"   respectively. 

39.  Reinforcing.  When  a  one-course  pavement  is  rein- 
forced, the  metal  shall  be  placed  at  the  middle  of  the  sec 
lion.  The  minimum  amount  of  metal  shall  be  as  specified 
under  "Two-Course  Pavement" 

Crown 

40.  Amount.  All  types  of  concrete  pavement  shall  be 
given  a  rise  or  crown  at  the  center  of  at  least  1/100,  but 
not  more  than  1/75,  of  the  width  of  the  pavement.  A  por- 
tion of  this  crown  may  be  obtained  by  increasing  the  thick- 
ness of  the  pavement  at  the  center  rather  than  by  laying  a 
pavement  of  uniform  thickness  on  a  crowned  subgrade  or 
sub-base. 

Protection 

41.  Treatment.  As  soon  as  the  concrete  has  hardened 
sufficiently  to  prevent  being  pitted,  the  sufface  of  the  pave- 
ment shall  be  sprinkled  with  clean  water  and  shall  be  kept 
wet  for  at  least  4  days.  Concrete  pavement  on  roads  shall 
be  covered  as  soon  after  finishing  as  it  is  possible  to  do 
so  without  damaging  the  surface,  with  at  least  2  in.  of  dirt, 
which  shall  be  kept  wet  for  at  least  4  days.  Before  cover- 
ing with  dirt,  the  pavement  shall  be  sprinkled  with  water 
as  above  specified.  The  pavement  shall  not  be  open  to  traffic 
nntil  the  engineer  so  directs. 


1 
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42.  Temperature  Below  35  Degrees.  If  at  anj  time  dur- 
ing the  progress  of  the  work  the  temperature  is.  or  in  tlie 
opinion  of  the  engineer  will,  within  24  hours  drop  to  3S 
degrees  F.,  the  water  and  aggregates  shall  be  heated  snd 
precautions  taken  to  protect  the  work  from  freezing  for  at 
least  6  days.  In  no  case  shall  concrete  be  deposited  upon  a 
frozen  subgrade  or  sub-base. 

Shoulders 

43.  Construction.  On  streets  where  the  pavement  does 
not  occupy  the  full  width  of  the  street,  and  on  roads,  a 
gravel  or  crushed  stone  shoulder  at  least  2  ft  wide  shall 
be  constructed  on  each  side  of  the  pavement  The  surface  of 
the  shoulders  shall  have  a  slope  away  from  the  pavement  of 
1^  in.  per  foot,  and  a  thickness  for  the  2-ft  width  adjoin- 
ing the  concrete,  at  least  equal  to  the  minimum  thickness  of 
the  concrete. 

Wearing  Surface  Bitumen  and  Fine  Aggregate 

44.  Construction.  Where  a  wearing  surface  of  bitumen 
and  fine  aggregate  is  used,  it  shall  preferably  be  placed 
upon  a  one-course  pavement,  constructed  as  hereinbefore 
specified,  but  may  be  used  also  on  two-course  work. 

45.  Expansion  Joints.  Before  applying  the  bitumen  to 
the  concrete,  all  open  expansion  joints  shall  be  filled  as  here- 
inbefore specified.  Where  required  by  the  engineer  in  charge, 
concrete  at  the  expansion  joints  shall  be  protected  with  metsL 

46.  Bitumen.  The  bitumen  shall  be  of  a  quality  sped- 
fied  by  the  engineer. 

47.  Piacing  Wearing  Surface.  After  the  concrete  has 
hardened  for  at  least  7  days,  the  thoroughly  cleaned  dry 
surface  of  the  pavement  shall  be  covered  with  hot  bitumen 
applied  with  a  sprinkling  wagon  designed  for  the  purpose, 
or  with  suitable  hand*sprinkling  cans.  The  hot  bitumen 
shall  immediately  be  evenly  distributed  over  the  concrete  by 
brushing  with  suitable  brooms,  and  then  covered  with  the 
requisite  amount  of  fine  aggregate   (paragraph  3). 

48.  Amount  of  Bitumen  and  Fine  Aggregate«  Approxi- 
mately %  gallon  of  bitumen  shall  be  applied  per  sq  yd  of 
pavement  and  approximately  1  cu.  yd.  of  fine  aggregate  shall 
be  applied  per  150  sq.  yds.  of  pavement 

Protection 

49.  Open  to  Traffic.  The  pavement  shall  not  be  open 
to  traffic  until  the  engineer  so  directs. 
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Concrete  Pavement  Calculations 

The  accompansrlng  data,  taken  from  a  pamphlet  on  "Con- 
crete Pavements,  Sidewalks,  Curb,  and  Gutter,"  published 
by  The  Universal  Portland  Cement  Co.,  will  be  useful  in  de- 

WUttofCoDcme  Sii.VwtbpcrlO0.fk. 

•  feet -, iOO 

Mfcet. 18Si 

14 feet. '. ..155  5/9 

Wfeet 17T7/a 

18  feet.. » 200 

to  feet iSS  «/• 

To  obtain  cubic  yards  of  concrete  required  for  pavement 

4  mdi  Ouck  miltiply  area  in  square  yard*  by  4/S6»^r 0.  Ufll 

5  inch  thick  moltiply  area  in  square  yards  by  5/30.  Or  / 0.  IS880 

6  inch  thick  Bsnltw  Area  in  square  yards  by  6/SO,  or 0. 10067 

7  inch  thick  Indtiply  area  in  square  yards  by  7/SO.  or 0. 19444 

8  iiMh  thick  multiply  area  in  square  yards  by  8/SO.  or 0.  SSStS 

IH  inch  thick  multiply  area  in  square  yards  by  1/M,  or O.QU07 

t     inch  thick  multiply  area  in  square  yards  by  1/18,  or O>OB50O 

Assuming  1  sack  cement  -*  1  cu.  ft>  1  co.  yd.  of  concrete  requires: 

Mixtae  Bbto.  Cement  Co.  Ydi.  Sand  C«.  Ydi.  Gravel 

l:lH:ft  1.91  0.4t  0.85 

14  a  1.74  0.5S  0.77 
l±  :4  1.51-  0.45  0.80 
ldlH'3  l.t4  0.40  0.9S 
1:8  :ff  1.18  0.58  0.88 
1:1H  S-87  0.88 

Idl  8.81  0.88 

Examples 

Eiample  No.  U  Bond  or  pavement  1500  feet  long,  18  feet  wlde^  ooe^ourse,  7  inches 
Oidc  mixtnfe  1:1HA 

15  (leligth  In  hundred  feet)  fOO  (number  of  square  yards  per  100  feet  length)  0.19444 
Cumber  of  cubic  yards  per  square  yard  area)  "*  583  J8  cubic  yards  of  concrete. 


(1.81  -  nil  barreb  cement 
0.48-   945  cubic  yards  sand 
0.85-   498  cubic  yards  gravel 


Kample  Na  8:   Road  Or  pavement  1500  feet  long,  18  feet  wide;  two-coone;  base  8 
thiclc»  mixture  ls84i  top  IM  inches  thick,  mixture  1:1>^. 


18  X  M  z  8.18887  -  500.01  cubic  yarda 

fl.  18  —  580  barreb  cement 
0.58  —  800  cubic  yards  sand 
0.88  «  480  cubic  yards  gravel 

Top- 

15  X  800  z  0.84187  -  185. 01  cubic  yard* 


K  At '  /  '•87  —  484  barrels  cement 
**•*   \0.88-1 


•  lOe  enbie  yards  suhI 


a  +  484  -  1064  barrds  cement 
+  .108  —   868  cubic  yards  sand 
480  4-     0  ■*   480  Qibic  yards  gravel 
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termining  quantities  of  materials  needed  wherever  concrela 
is  used  as  a  pavement,  or  as  a  base  for  other  pavement  mat^ 
rials.  The  table  of  mixtures  and  quantities  given  in  tte 
section  on  Concrete  Construction  in  another  part  of  this  vol- 
ume, will  also  be  of  service. 

ASPHALT  PAVEMENTS 

As  commonly  understood,  the  term  "asphalt  pavementf 
means  a  pavement  composed  of  sand  or  crushed  stone  held 
together  by  a  binder  of  asphalt.  In  America  the  term  is 
ordinarily  applied  to  a  comparatively  thin  layer  of  sand 
held  together  by  asphalt,  and  laid  upon  a  bed  of  ooncreta 

Construction  of  Asphalt  Pavements 

The  concrete  base  for  an  asphalt  pavement  should  oonsiBt 
of  a  mixture  of  1  part  Portland  cement,  2  to  3  parts  sand. 
and  5  to  6  parts  of  broken  stone,  depending  upon  the  degree 
of  richness  desired.  For  heavy  city  traffic,  the  concrete  base 
is  usually  6  in.  thick,  while  for  light  traffic  it  is  sometimeB 
made  4  in.  thick.  The  proper  thickness  will  depend  upon 
the  kind  of  traffic,  the  mixture  of  concrete  used,  and  the  bear- 
ing power  of  the  soil  upon  which  the  pavement  is  placed. 

Sometimes  an  old  pavement  of  broken  stone,  brick,  or 
cobblestones  is  used  as  a  foundation  for  an  asphalt  pavement. 
Such  foundations  give  good  results  when  care  is  taken  that 
the  surface  is  perfectly  clean  and  dry  when  the  asphalt  wear> 
ing  coat  is  laid. 

When  placing  a  coating  of  asphalt  upon  a  concrete  foun- 
dation, care  should  be  taken  to  see  that  the  concrete  is  thor- 
oughly dry  before  the  asphalt  mixture  is  put  in  place,  since 
the  generation  of  steam  caused  by  placing  hot  asphalt  on  a 
damp  concrete  base  will  produce  blisters  and  disintegration 
of  the  wearing  coat 

The  binder  course  consists  of  a  layer  about  IH  in*  thick. 
of  broken  stone  cemented  together  with  asphaltio  paving 
cement,  and  rolled  in  place  while  hot  The  object  of  this 
binder  course  is  to  hold  the  top  wearing  coat  and  the  foun- 
dation or  base  together. 

The  broken  stone  used  in  this  course  is  screened  so  as 
to  pass  a  1-in.  mesh  screen;  and  after  being  heated,  not  more 
than  5  or  10  per  cent  should  pass  a  No.  10  screen. 

The  asphaltic  cement  is  the  same  as  that  used  for  the 
wearing  coat,  except  that  it  is  mixed  much  softer  before 
application.  Bach  cubic  foot  of  stone  in  the  binder  oonne 
requires   about  seven   pints   of  cement  for  satisfactory  re- 
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suits.  Bach  fragment  of  stone  should  be  thoroughly  coated 
with  the  cement,  and  all  of  the  cement  should  be  used. 

The  binder  course  is  sometimes  omitted,  and  a  thin  cush- 
ion  coat  used  in  its  place.  This  cushion  coat  is  usually  from 
^  to  1  in.  thick,  and  composed  of  material  of  the  same  com- 
position as  the  wearing,  coat,  except  that  it  contains  a  little 
more  cement 

The  wearing  coat,  or  top  coat,  is  composed  of  sand  and 
asphaltic  cement  in  about  the  proportions  of  10  parts  of  ce» 
ment  to  90  parts  of  sand.  The  sand  should  be  clean  and 
sharp,  and  composed  of  grains  not  easily  crushed  and  of 
varying  size.  Enough  asphaltic  cement  should  be  used  to  fill 
the  voids  in  the  compacted  sand  so  as  to  hold  the  sand  to- 
gether to  the  best  advantage;  but  only  enough  cement  to 
fill  the  voids  should  be  used. 

In  laying  the  wearing  coat,  the  mixed  cement  and  sand  is 
brought  to  the  work  in  wagons  or  carts  at  a  temperature  of 
about  280*^  F.  It  is  dumped  upon  the  binder  or  cushion  course, 
and  evenly  spread  over  the  surface  with  rakes  or  shovels. 
Care  should  be  taken  to  see  that  no  foreign  material  is  mixed 
in  with  the  paving  mixture.  The  depth  of  this  wearing  coat 
should  be  such  that  the  thickness  after  rolling  will  be  about 
2  in.  The  amount  of  compression  during  rolling  is  usually 
to  about  three  or  four  tenths  of  the  thickness  of  the  mixture 
when  first  deposited. 

The  first  compression  of  the  mixture  is  made  with  hand- 
rollers  and  tamping  irons.  Gutters,  joints,  and  all  edges  and 
angles  which  cannot  be  reached  with  the  rollers,  should  be 
finished  by  hand  with  hot  tamping  and  smoothing  irons. 

After  the  first  compression  is  given,  some  material  such 
as  natural  hydraulic  cement  should  be  dusted  over  the  sur- 
face of  the  asphalt  so  as  to  give  it  a  pleasing  color,  and  to 
prevent  adhesion  of  the  roller  during  the  second  compression. 
The  second  compression  is  made  by  use  of  a  steam  roller 
weighing  about  5  or  6  tons,  followed  by  a  roller  weighing 
10  or  12  tons  in  some  cases.  Often  the  5  or  6-ton  roller 
is  the  only  one  used.  For  wide  streets,  the  pavement  should 
be  rolled  across  the  street  as  well  as  lengthwise,  and  the 
rolling  should  be  kept  up  until  the  roller  leaves  no  mark  in 
the  material.  The  final  rolling  usually  requires  about  5  hours 
for  each  1,000  sq.  yds.  of  paving  surface. 

The  top  of  the  binding  coat  should  also  be  perfectly  dry 
when  the  wearing  coat  is  laid,  to  prevent  the  formation  of 
steam  as  already  referred  to. 
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COBBLESTONE  PAVEMENTS 
Records  of  the  cost  of  laying  cobblestone  pavement  in 
the  city  of  Baltimore,  Md.,  show  results  which  are  tabulated 
in  Table  6. 

TABLE  6 

Cost  of  Cobblestone  Pavements 
Baltimore,  Md. 

Ooatrtt 

Stones  at  $1.60  per  perch  of  2,800  lbs $059 

Paving  sand  at  60  cents  per  cu.  yd.,  delivered 3A 

Labor  laying  and  ramming: 

1  Foreman  at  $3.00  for  8  hrs .$  3.00 

4  Pavers  at  $3.00  for  8  hrs 12.00 

2  Rammers  at  $2.00  for  8  hr» 4.00 

6  Laborers  at  $1.66  for  8  hrs 10.00 

Total  for  200  sq.  yds. $29.00       .14 

Total  cost  per  sq.  yd.»  exclusive  of  ad- 
ministration, tools,  and  profits $0.63 

COMPARATIVE  VALUES  OF  DIFFERENT  PAVEMENTS 

Table  7  shows  the  results  of  an  Investigation  by  the 
United  States  Department  of  Agriculture,  of  the  subject  of 
wood  paving  in  the  United  States. 

TABLE  7 
Comparative  Values  of  Different  Pavements 

Pftv«ment  <|ualltiea.  Ptrecnt- 

Aff«. 

CheftpnesB   (flrat  eo%t) 14 

OurablHty   20 

Ease  of  malntenanea 10 

Base  of  cleaning ^ 1^ 

Low  traction  resistance....^.  14 
Freedom  from  sllpperlness 

(average  of  conditions)..  7 

PsTorableness  to  travel 4 

AcceptabUity    ■.'...  4 

Sanitary  quality  .;..  \t 

Total  number  of  points. . .  100  Tl.O  70.0  74.i  «».0  ••■• 

Average  coat  per  square  yard, 

lafd.  1005 %t.t%  |a.SO  IS.0O  fO.M  IS.10 

Favorablenees  to  travel  is  dependent  chiefly  upon  amootHness  and  freedwa  tnm 
dust  and  mud,  secondafily  upon  the  qualities  oompoalag  ''AoeeptablUty.** 

AoceptabllUy  Includes  noise,  reflection  of  Ha^t,  sadlatloa  of  h«at.  evilasteii  of 
unpleasant  odors,  etc.    It  chiefly  concerns  ttio  pedestrian  and  the  erfjolnlaf  resUk^t. 

Cost  per  squall  yard  Includes  concrete.'  but  toet  excavatlMv  eorWttf.  ?<&;  •■* 
eept  for  macadam,  whleb  la  not  usually  laid  on  ConorMik 


Oraa- 

Asphalt 

U»K- 

•et^ 

its. 

(abeet). 

Brlek. 

adaaa. 

wed. 
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.«.§ 

7.0 

14.0 

4.B 

20.0 

11.0 

12.S 

0.0 

l«.f 
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.B 

S.ft 

4,B 

•iS 

10.0 

14.0 

1S.B 

0.0 

^M 

t.» 

14.0 

12.S 

0.0 

140 

S.S 

S.S 

S.B 

•.B 

4.0 

2.S 

4.0 

1.0 

t.0 

lA 

2.0 

tJt 
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2.B 

4.0 

0.0 

11.0 

10.B 

4.B 

12.B 
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COST  OF  STREET  IMPROVEMENTS 

Valuable  cost  data  for  contractors  in  street  Improvement 
work  are  found  in  the  annual  report  of  the  Chief  Engineer 
of  the  Board  of  Estimates  and  Apportionment  of  New  York 
City  for  1910. 

Table  8  gives  the  unit-prices  used  for  estimating  pur- 
poses by  the  engineers  of  the  five  boroughs  composing  Greater 
New  York.  These  prices  are  averages  figured  on  the  basis 
of  all  estimates  submitted  between  May  21  and  December  31, 
1910. 

TABLE  8 
Unit-Prices  of  Street  Improvement  Work  In  New  York  City 


BOROUOHS 

Items 

Man- 

Brook- 

The 

Rich- 

hattan 

lyn 

Bronx 

Queens 

mond 

Sheet  asphalt,*  per  sq.  yd 

10.95 

11.55 

Asphalt  block,*  per  sq.  yd 

$2.50 

1.70 

1.90 

$1.80 

.... 

Granite  block,*  per  sq.  yd 

2.75 

2.30 

.... 

Wooden  block,*  per  sq.  yd.  . . . 

• .  • . 

.... 

2.25 

.... 

Bituminous  macadam,  per  sq. 

yd 

1.25 

Concrete,  per  cu.  yd 

6.00 

5.05 

6.20 

5.90 

$6.00 

Earth  excavation,  per  cu.  yd. . 

1.00 

.42 

.33 

.35 

.59 

Rock  excavation,  per  cu.  yd. . . 

2.00 

.... 

1.60 

3.00 

Fillins.  Her  cu.  vd 

.50 

.47 

.35 

.48 

Cement  curb,  per  lin.  ft 

.60 

1.00 

.60 

Biuestone  curb,  per  lin.  ft 

i.66 

1.00 

.85 

.90 

1.00 

Cement  walk,  per  sq.  ft 

.15 

22 

.... 

Biuestone  flagging,  per  sq.  ft. . 

.30 

.28 

.28 

.28 

.... 

Bridgestone,  per  sq.  ft 

.... 

....  1 

.60 

.72 

.... 

Engineering    and    inspection, 

per  cent 

4.8 

4.6 

9.2 

5.0 

9.7 

*Eateladiiic  concrete  baae. 

It  Will  be  noticed  that  the  unit-phces  for  what  is  apparently 
the  same  kind  of  work  in  the  different  boroughs  show  a  wide 
range  of  variation.  These  different  prices  tannot  be  due 
entirely  to  varying  conditions,  but  are  probably  owing  to  dif- 
ferent standards  of  work. 

MISCELLANEOUS  PAVEMENT  COSTS 
The  following  data  as  to  the  cost  of  asphalt  and  macadam 
roads,  compiled  by  Mr.  Edward  F.  Godfrey,  will  be  of  in- 
terest in   connection   with  the   subject  of   pavement  costs. 
While  the  prices  given  are  seen  to  vary  from  amounts  given 
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in  other  places,  such  yalues  ehould  be  used  in  the  sense  of  a 
guide  rather  than  as  an  exact  figure  for  any  giren  case. 

Stone  blocks — on  broken  stone  base,  $1.50  to  |2.00  per 
sq.  yd. 

Stone  blocks  on  concrete  base,  |2.00  to  |3.50  per  sq.  yd. 

An  analysis  of  the  labor  cost  of  stone  block  paving,  baaed 
on  data  in  "Engineering  News,"  is  as  follows: 

Ooft  of  Block  T%yfng 

Loading  and  unloading,  indnsive  of  lost  team  time.  .fOJO 

Hauling  1  mile .^    JOS 

Distribnting  blocks SU 

Laying  , ,06 

Pilling  joints , .06 

Foreman  at  40  cts.  per  hr.,  30  sq.  yds. 13 

Two  water  and  errand  hoys * .07 

Total  labor $0-50 

Cost  of  Kadina  Block  PaTtmsBt 

Pna^TAtD 

1/3  CO.  yd.  street  excavation $0.15 

6  in*  concrete  foundation 50 

1-18  cu.  yd.  sand  cushion  in  place  at  $1.08 06 

Medina  block  (6  in.)  f.  o.  b.  Albion,  N.  T US 

Freight  to  Rochester j07 

Unloading,  hauling  and  lasring M 

1J5  gallons  tar  at  10  cts.  a  gallon .15 

1-50  cu.  yd.  sand  for  joints .08 

Total  ^#2.40 

Add  for  contractor's  profit ., .    Ji5 

Total  cost ^^ 

Asphalt— In  44  cities  in  North  America,  the  cost  of  asphalt 
paving,  including  4  to  6  in.  of  concrete,  varied  between  $1.43 
and  $3.25  per  sq.  yd.  It  is  estimated  that  the  cost  of  guar- 
antee for  the  first  five  years  is  3  cents  per  yard,  and  for  the 
second  five  years  is  15  cents  per  yard.     The  Congressional 
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appropriation  bill  allowed  $1.80  per  sq.  yd.  to  be  paid  for 
asphalt  payements  in  Washington,  D.  C. 

Asphalt   block— 42.00  to  $2.50  per  sq.  yd. 

The  division  of  the  cost  of  asphalt  pavements  is  about 
as  follows:  2H  iii*  of  surface,  67  cents  per  sq.  yd.;  2  in.  of 
binder,  13  cents  per  sq.  yd.;  6  in.  of  Portland  cement  con- 
crete, $1.00.     Total,  $1.80  per  sq.  yd. 

Macadam — ^The  actual  cost,  with  stone  free  at  the  quarry, 
of  laying  macadam  pavement  (5-in.  layer,  large-sized  stone, 
rolled;  2%  to  3-in.  layer  of  medium-sized  stone,  sprinkled 
and  rolled;  about  %-in.  of  fine  screenings,  sprinkled  and 
rolled)  was  42  cents  per  square  yard.  The  average  weight 
of  stone  was  3  tons  per  sq.  yd. 

Macadam,  stone  free  at  quarry,  8  in.  depth,  40  to  50  cents 
per  sq.  yd.;  including  cost  of  stone,  8  in.  depth,  60  to  90  cents 
per  sq.  yd.;  12  in.  depth,  90  cents  to  $1.30  per  sq.  yd. 

Cobblestone — 80  cents  per  sq.  yd. 

Wooden  blocks— 4-in.  creosoted  yellow  pine  blocks  on  1  in. 
of  sand  over  6  in.  of  natural  cement  concrete,  $2.25  to  $2.35 
per  sq.  yd.  Cost  of  4-in.  creosoted  yellow  pine  blocks,  f.  0.  b. 
cars,  about  $1.70  per  sq.  yd. 

Brick — ^Brickwork  only,  15  to  20  cents  per  sq.  yd. 

Brick,  4  in.  of  brick  on  3  in.  of  sand,  65  to  85  gents  per 
sq.  yd.;  4  in.  of  brick  on  6  in.  of  natural  cement  concrete 
and  1%-in.  cushion  of  sand,  $1.20  to  $1.60  per  sq.  yd.;  side- 
walks, 2  in.  of  brick  on  sand,  50  to  80  cents  per  sq.  yd. 

City  street  paving — Ck>st  of  street  paving  in  30  cities  in 
Wisconsin  per  sq.  yd.:- asphalt,  $1.80  to  $2.19;  brick,  $1.00 
to  $2.19;  macadam,  25  cents  to  $1.30;  wood  block,  60  cents 
to  $1.97. 

All-concrete  roadway  paving  has  been  found  in  several 
cities  to  cost  14  to  18  cents  per  sq.  ft.  At  Jackson,  Mich., 
some  street  paving  having  3  in.  of  gravel,  6  in.  of  1:8  ce- 
ment and  gravel,  4  in.  of  1:3  cement  and  ^-in.  crushed  gran* 
ite,  mixed  quite  wet,  cost  18  cents  per  sq.  ft 


Bridges  and  Culverts 

BRIDGES 

Classification  of  Bridges  In  General.  A  bridge  Is  a  struc- 
ture which  furnishes  a  passageway  from  one  side  of  an  open- 
ing or  depression  to  the  other  side.  A  bridge  may  be  needed 
to  cross  a  valley,  gulch,  stream,  canal,  road,  or  railway  track. 
If  the  bridge  is  supported  at  the  two  ends  only,  it  is  said  to 
be  a  bridge  of  one  span,  and  the  end  supports  are  calleJ 
abutments;  if  the  bridge  has  one  or  more  intermediate  sup- 
ports, it  is  a  bridge  of  two  or  more  spans,  and  the  intermedi- 
ate supports  are  known  as  piers.  The  abutments  and  piers 
compose  the  substructure;  and  the  remainder  of  the  bridge, 
the  superstructure.  The  superstructure*  may  be  of  any  one  of 
several  forms,  and  bridges  are  classified  accordingly,  as  beam 
bridges,  arcli  bridges,  and  suspension  bridges.  The  difference 
in  the  types  is  in  the  manner  Iq  which  the  structures  carry 
the  loads  that  come  upon  them,  and,  consequently,  in  their 
external  form. 

Beam  bridges  are  described  in  the  word  beam,  which  sig- 
nifies a  member  under  a  bending  stress,  having  compression 
in  the  top,  and  tension  in  the  bottom.  Beam  bridges  are  the 
most  generally  used,  and  are  particularly  adapted  fer  short 
spans,  although  the  modem  steel  truss  bridge  is  a  beam 
bridge. 

Arch  bridges  carry  the  load  in  direct  compression  through* 
out  the  arch  ring,  and  transmit  the  pressure  downward  and 
outward  against  the  abutment. 

Suspension  bridges  are  designed  to  support  the  loads  that 
come  upon  them,  by  means  of  ropes  or  cables  which  are 
either  fastened  to  the  banks  above  the  ends  of  the  bridge, 
or  laid  over  towers  and  anchored  in  the  ground.  This  type  of 
bridge  has  made  it  possible  to  span  tremendous  distances,  bat 
is  not  very  desirable  for  ordinary  lengths. 

Steel  Bridges 

Use  of  Steel  Bridges  Trusses.  Since  1864  the  metal  bridge 
truss  has  been  in  general  use  for  all  spans  from  10  to  15  ft. 
up  to  several  hundred  feet.  The  huge  Firth  of  Fbrth  bridge 
in  Scotland,  and  the  Quebec  bridge  crossing  the  St.  Lawrence 
river  near  Quebec,  have  spans  of  about  1,800  feet 

Steel  bridges  may  be  considered  as  trussed  beams.  A  truss 
U  a  combination  of  members  which  take  stresses  in  direction 
of  their  length  only.  Another  definition,  perhaps,  is  that  a 
truss  is  a  combination  of  tension  and  compression  members* 
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Two  or  more  trusses  constitute  a  bridge.  The  trusses  con- 
stituting a  bridge  are  connected  by  a  system  of  beams  on 
which  the  load  is  carried.  This  is  the  floor  system  of  the 
bridge,  and  has  no  purpose  except  to  carry  the  loads  to  the 
trusses. 

Classes  of  Steel  Bridges.  Steel  bridges,  like  beams,  may 
be  divided  into  continuous,  sinfiple,  and  overhanging.  In  the 
case  of  overhanging  bridges,  there  may  be  one  or  both  ends 
overhanging.  Such  bridges  are  called  cantilever  bridges,  from 
the  fact  that  the  overhanging  end  is  a  cantilever.  Other 
classes  of  bridges  are  the  suspension,  awing,  rolling-lift,  and 
trunnion-lift. 


iCtty^af 


/WPW]\.     ./V\AAA^ 


Fig.  1.    Classes  of  Bridge  Trusses. 

Probably  95  per  cent  of  all  steel  bridges  built  are  of  the 
simple  type — that  is,  having  each  end  resting  on  a  support 
The  simplest  forms  are  the  king-post  and  queen-post  trusses 
(Fig.  1).  Since  the  panel  length — ^that  is,  the  distance  be- 
tween any  two  joints — ^is  limited  to  about  20  ft,  the  greatest 
spans  of  these  classes  of  bridges  are  40  and  60  ft.  respec- 
tively. 

Other  classes  of  simple  trusses  are  the  Howe,  Warren, 
Pratt,  Camel  Back,  Baltimore,  and  Petit.  The  first  three  and 
the  last  were  named  after  their  inventors;  the  fourth,  because 
of  its  humped  back;  and  the  fifth,  because  the  Baltimore 
Bridge  Works  was  it  first  builder.  The  camel  back  is  fre- 
quently called  the  bowstring. 

The  limiting  economical  span  for  a  simple  truss  is  be- 
tween 300  and  600  ft,  according  to  the  class.  The  Pratt  is 
built  to  a  greater  extent  than  any  of  the  others,  probably  86 
per  cent  of  aU  simple  trusses  being  of  the  Pratt  type.    The 
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Petit  and  Baltimore  are  for  long  spans  only — say  from  850 
to  500  ft.  The  rolling-lift  and  trunnion-lift  are  the  outcome  of 
the  attempt  to  do  away  with  the  old  swing  bridge  or  draw- 
bridge. The  latter  was  costly,  and  also  had  a  pier  in  the 
center;  and  this,  especially  in  narrow  streams,  was  a  great 
obstruction  to  navigation. 

The  rolling-  and  trunnion-lifts  have  their  foundations  and 
supports  on  the  banks,  the  full  width  of  the  stream  being 
available  for  navigation.  These  bridges  are  balanced  about 
their  rolling  or  trunnion  centers,  by  huge  counterweights  of 
cast-iron  blocks  or  masses  of  concrete,  and  are  opened  or 
closed  by  a  pull  or  push  on  the  operating  strut,  which  is  nsa- 
ally  supplied  with  power  from  electric  motors  in  a  small 
house. 

Continuous  bridges  have  the  same  objections  as  continuous 
beams.  A  slight  settlement  of  the  trusses  causes  the  stresses 
to  be  greater  than  computed.  They  are  not  used  in  this 
country,  except  in  a  very  few  cases. 

Cantilevers  and  suspension  bridges  should  be  used  for 
long  spans  only,  or  where  their  form  offers  ease  of  erection. 
They  are  very  uneconomical  for  .short  spans.  Their  special 
use  is  for  spans  of  about  500  to  1,800  ft.  for  cantilevers,  and 
1,000  to  3,000  ft.  for  suspension  bridges. 

In  Fig.  1,  the  heavy  lines  indicate  compression  members, 
while  the  light  lines  indicate  tension  members.  In  simple 
trusses,  the  top  chord  is  always  in  compression,  and  the 
bottom  chord  always  in  tension. 

In  warm  weather  a  steel  bridge  is  slightly  longer  than  tn 
cold  weather,  and  any  change  of  temperature  causes  it  to 
change  in  length.  If  both  ends  were  fixed,  the  struasea  in 
the  bridge  would  change  considerably  from  those  computed 
on  the  basis  of  the  loads,  and  may  in  extreme  cases  cause 
danger.  One  end  should  be  fixed  to  the  support,  and  the 
other  end  should  either  be  on  rollers  or  on  a  planed  plate  so 
that  it  may  move  backwards  and  forwards  when  the  temper^ 
ature  changes. 

Cost  of  Bridge  Steelwork.  See  section  on  "Steel  Con* 
Btruction"  for  costs  of  fabrication  and  erection  of  steelwoA 

Cost  of  Painting  Bridges.    See  section  on  "Painting." 

CONCRETE  BRIDGES 

Girder  and  Slab  Bridges 

Girder  and  slab  bridges  are  known  as  beam  bridges  ^ad 

carry  the  loads  which  come  upon  them  by  their  resistanee  U> 

bending.     They  are  extensively  used  for  short  spans  and 
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for  low,  shallow  crossings.  These  bridges  are  very  interest- 
ing as  examples  of  the  advantages  of  reinforced  concrete  con- 
struction, because  it  is  only  the  use  of  the  steel  reinforcement 
that  makes  it  possible  for  them  to  resist  the  bending  stresses 
which  the  applied  loads  and  their  own  weight  bring  upon 
them.  The  reinforcement  is  only  an  assistance  and  improve- 
ment in  the  case  of  an  arch  bridge;  in  the  case  of  a  beam 
bridge,  it  is  the  essential  feature. 


Fig.  4*    Cross-Section  of  a  Concrete  Girder  Highway  Bridge. 


The  difference  between  a  girder  bridge  and  a  slab  bridge 
of  reinforced  concrete,  is  shown  by  Figs.  4  and  5. 

The  flat  slab  bridge  is  the  simplest  to  design  and  con- 
struct, and  also  proves  to  be  the  most  economical  in  materials 
when  used  for  spans  up  to  about  20  ft.  For  spans  from  20 
to  35  ft.  or  thereabouts,  the  girder  type  is  the  best  to  use. 
Beams  longer  than  35  ft.  are  rarely  built;  an  arch  is  generally 
used  for  such  spans. 


.'  x:  »^z:r  virii-^?:£rrjrrv  i^^ 


Fig.  5.    Cross-Section  of  a  Concrete  Slab  Highway  Bridge. 

Highway  Girder  and  Slab  Bridges.  Highway  bridges  are 
of  the  greatest  practical  utility  and  importance,  and  the 
number  required  in  the  present  state  of  civilization  is  ex- 
tremely large.  Good  bridges  are  as  necessary  as  good  roads 
for  the  advancement  of  a  district,  and  reinforced  concrete  is 
an  ideal  material  for  a  "good  bridge."  A  concrete  bridge  is 
reasonably  cheap  in  first  cost,  requires  the  minimum  of  main- 
tenance, and  will  last  indefinitely.  For  a  structure  to  be 
maintained  by  a  public  body,  as  highway  bridges  usually  are, 
the  fewer  repairs  that  are  required  the  better. 

Portland  cement  should  always  be  used  for  concrete  high- 
way bridge  construction,  because  it  is  stronger  and  more  re- 
liable and  hardens  more  quickly  than  natural  cement 

The  cement  should  be  of  a  standard  brand,  not  liable  to 
expansion  or  disintegration,  fine,  and  of  uniform  quality.    It 
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Bhould  be  free  from  lumps,  and  should  be  stored  In  a  drj 
place. 

For  the  aggregates  in  concrete,  the  sand  should  j^  eleaa 
and  coarse,  or  a  mixture  of  coarse  and  fine,  the  ,  /iirse  pre- 
dominating.  It  should  be  free  from  clay,  loam  ^.i^s,  organic 
matter,  and  other  impurities. 

Screenings  or  crusher  dust  from  broken  stone  may  be 
substituted  for  sand  by  altering  the  proportiona  so  aa  to 
give  a  dense  mixture  and  the  same  relative  volume  of  ag- 
gregates. 

Gravel,  when  used,  should  be  composed  of  clean  pebUes 
free  from  any  foreign  matter,  and  containing  no  clay  or 
any  materials  adhering  to  the  pebbles. 

It  should  be  screened  to  remove  the  sand,  and  should 
be  mixed  afterwards  in  the  proi>er  proportions.  However. 
if  by  tests  the  gravel  runs  in  the  proportions  of  2%  to  3 
sand,  to  4  or  5  parts  pebbles,  it  can  be  used  without  scrcon 
ing. 

Broken  stone  should  consist  of  pieces  of  hard,  durable 
rock,  such  as  limestone  or  conglomerate. 

The  water  should  be  clean  and  free  from  acids  or  strtng 
alkalis. 

Steel  for  reinforcement  should  be  of  high  tensile  strength. 
and  of  such  shape  as  to  form  a  firm  mechanical  bond  with 
the  concrete. 

In  mixing  concrete  for  highway  bridges  or  culverts,  pro- 
portions should  be  used  to  give  the  densest  concrete  with 
the  maximum  strength  of  the  concrete. 

The  mortar  mixture  of  sand  and  cement  is  generally  3 
parts  sand  to  2  parts  cement;  yet  mixtures  of  2H  to  3  parts 
sand  to  1  part  cement  will  give  a  mortar  that  is  dense 
and  for  practical  purposes  as  good  on  small  bridges  and 
culverts  as  stronger  mixtures. 

The  stone  aggregate  should  not  be  more  than  twice  that 
of  sand;  and  in  most  casos  the  proportion  of  4  parts  stone 
will  generally  make  the  most  desirable  mixture,  as  it  allows 
sufBcient  mortar  to  cover  all  the  stone  and  leaves  no  roo^ 
spots  on  the  surface. 

"Mix  well"  and  "mix  wet"  will  cure  many  faults,  so^saDed. 
in  working  with  concrete. 

Exposed  surfaces  of  concrete  may  be  made  suillcientlT 
smooth  by  spading,  so  as  to  force  the  stones  back  from  the 
surface,  allowing  the  mortar  to  crowd  to  the  face*  The 
forms  should  be  sufficiently  tight  to  prevent  mortar  nmntng 
out    With  these  precauUons,  surfaces  can  be  obtained  that 
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require  very  little  patching  or  plastering  to  make  a  neat 
Job. 

The  forms  should  be  made  of  lumber  sufficiently  strong 
to  hold  itself  in  line  without  an  excess  of  bracing,  and  not 
bulge  or  be  thrown  out  of  line  by  the  workmen  filling  them. 
Ail  exposed  surfaces  should  be  made  with  dressed  lumber, 
with  all  joints  neatly  fitted.  The  lumber  best  adapted  for 
building  the  forms  is  2x6-in.  stuff,  with  4x4-in.  for  the  stairs. 

The  handiest  ties  are  ^-in.  bolts  of  a  length  necessary 
to  hold  the  forms  together.  Bolting  the  forms  r^uires  few 
nails,  and  makes  a  form  that  can  be  taken  down  easily. 

The  handiest  ties  are  H-in.  bolts  of  a  length  necessary  to 
hold  the  forms  together.  Bolting  the  forms  requires  few 
nails,  and  makes  a  form  that  can  be  taken  down  easily. 

'  The  time  necessary  to  leave  the  forms  in  place  varies 
considerably  with  the  weather;  but  under  ordinary  condi- 
tions, wing  wall  and  culvert  wall  forms  can  be  removed  in 
3  days.  Slabs  of  not  more  than  6-ft  may  be  removed  in 
5  days.  Longer  spans  and  arches  up  to  40  ft  require  not 
less  than  10  days  of  good  drjring  weather. 

In  freezing  weather,  the  forms  should  be  left  in  place 
as  long  as  possible. 

Classes  of  Loading 

A  large  manufacturer  of  reinforcing  materials  much  used 
in  bridge  construction  gives  the  following  three  classes  of 
loadings  for  highway  bridges: 

Class  No.  1 — ^Light  highway  specification  answering  the 
purposes  of  ordinary  county  traffic  where  the  heaviest  load 
may  be  taken  as  a  12-ton  road-roller.  Uniformly  distributed 
load,  100  pounds  per  sq.  ft. 

Class  No.  2 — ^Heavy  highway  specification,  designed  for 
localities  where  heavy  road-rollers,  up  to  20  tons,  and  electric 
cars  of  a  maximum  weight  of  40  tons,  must  be  provided  for. 
Uniformly  distributed  load,  126  pounds  per  sq.  ft 

Class  No.  3 — City  highway  specification,  designed  for  heavy 
concentrated  loads  and  large  interurban  cars.  This  classifi- 
cation should  be  adopted  for  all  city  work;  the  weight  of 
the  maximum  car  has  been  taken  as  60  tons.  Uniformly 
distributed  load,  150  pounds  per  sq.  ft 

CONCRETE  BRIDGES 
Cost  of  Girder  and  Slab  Types 
The  following  data  and  diagrams  in  regard  to  the  cost 
of  concrete  bridges  of  the  girder  and  slab  types  were  pre- 
sented by  Mr.  B.  H.  Plepmeier  in  a  paper  read  before  the 
Illinois  Society  of  Engineers  and  Surveyors: 
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The  purpose  of  this  paper  is  to  develop  a  ready 
of  ascertaining  the  approximate  number  of  cubic  yards  of 
concrete  in  a  completed  structure  of  the  throufi^  girder  or 
Blab  type,  of  known  span,  height  of  abutments,  and  lengtli 
of  wings,  as  well  as  to  develop  a  means  of  making  prriInU* 
nary  estimates  of  the  cost  of  completed  structures  without 
calculating  the  quantities  in  detail. 

Before  proceeding,  it  may  be  well  first  merely  to  outltne 
in  a  general  way  the  slab  and  the  girder  bridges  as  designed 
by  the  Illinois  Highway  Commission,  and  give  a  few  dlmen* 
aions,  that  the  types  of  bridges  under  consideration  may  be 
understood. 

I 


Fig.  4.     Standard  Bridge  of  15-Foot  Span,  Illinois  State 
Highways. 

Slab  Bridges.  For  reinforced  abutments  for  slab  bridges. 
the  main  wall  is  made  12  inches  thick  from  top  to  bottom, 
the  steel  reinforcing  being  placed  on  the  stream  side,  and 
the  percentage  of  steel  increased  as  the  height  increases. 
The  abutments  rest  on  an  18-in.  reinforced  footing,  which  Is 
made  of  sufficient  size  to  allow  but  3,000  lbs.  per  square  foot 
bearing  on  the  foundation.  When  a  soft  foundation  is  encoun- 
tered, this  same  size  footing  is  usually  sufficient  to  permit 
the  proper  spacing  of  the  required  number  of  piles. 

The  reinforced  wings  for  slab  bridges  are  of  the  standard 
cantilever  type,  the  base  being  33  per  cent  of  the  total  height. 
The  wing  wall  proper  Is  12  in.  thick  for  heights  up  to  16  fL 
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For  greater  heights,  the  base  of  the  wall  increases  in  pro- 
portion to  the  height  Nearly  all  wings  for  this  type  of 
bridge  have  a  drop  of  18  in.  to  6  ft  at  the  end,  to  conform 
to  the  2  to  1  slope  on  the  sides  of  the  road.  The  cantileyer 
type  of  wing  for  extreme  heights  has  been  found  much  more 
satisfactory  than  the  buttress  type,  as  the  increased  thick- 
ness at  the  base  and  the  large  percentage  of  steel  do  not 
equal  the  extra  cost  of  forming  necessary  for  the  buttress 
type- 


Fig.  5.     Standard  Bridge  of  30-Foot  Span,  llllnoit  Statu 
Highways. 

Reinforced  concrete  slab  bridges  are  designed  with  yail- 
•us  roadways  ranging  from  16  ft  upward.  The  side  rails 
usually  average  8  in.  thick  and  3^  ft.  high.  On  this  type 
of  bridge  the  slab  and  the  side  rails  come  flush  with  the  back 
of  the  abutment  walls.  The  top  of  the  wings  comes  up  along 
the  outside  of  the  rails  to  catch  the  side  slope  on  the  road. 
In  determining  the  thickness  of  the  slab,  its  entire  dead  load 
is  considered,  the  load  of  the  cushion  wearing  surface,  and  a 
24-ton  engine  live  load.  Excluding  temperature  stress,  the 
steel  is  figured  at  12,000  lbs.  per  square  inch;  the  compres- 
sion in  the  concrete  is  assumed  at  800  lbs.  per  square  inch. 

Girder  Bridges.  For  the  reinforced  abutments  for  girder 
bridges,  the  general  type  is  the  same  as  that  for  slab  bridges, 
with  the  exception  that  all  abutment  walls  proper  are  18  in. 
thick,  and  the  width  of  base  for  the  wings  is  40  per  cent  of 
the  total  height  The  extra  thickness  in  the  abutments  is  for 
bearing  of  the  girders.  The  extra  width  of  base  imder  the 
wings  is  for  stability,  as  the  wing  walls  are  cut  away  from 
the  abutment  walls  proper  by  a  1-in.  partition  to  allow  for 
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expansion  of  the  superstructure.  Tliey  can  therefore  recelTe 
no  support  from  the  slab  bridges.  The  wings  on  this  type 
of  bridge  also  come  up  on  the  sides  of  the  girders,  and  drop 
several  feet  at  the  ends  to  follow  the  general  side  slopes  on 
the  road. 

The  reinforced  concrete  girder  superstructures  are  d» 
signed  with  roadways  from  16  to  30  ft  The  roadway  usually 
required  is  16  to  20  ft  The  side  girders  average  from  4  to 
6  ft.  in  height,  and  16  to  30  in.  wide  on  top.  On  the  side 
girders  they  are  heavy,  depressed  panels  to  lighten  the  web 
and  to  give  the  proper  appearance^  to  the  finished  bridge. 
The  floor  and  side  girders  on  this  type  of  bridge  also  extend 
to  the  back  side  of  the  abutment  wall.  The  floor-elab  Is 
designed  to  carry  its  own  dead  load,  the  cushion  wearing  sa> 
face,  and  a  24-ton  engine  live  load.  The  side  girders  are  de- 
signed to  carry  the  entire  dead  load  of  the  superstructure, 
plus  a  live  load  of  125  lbs.  per  square  foot  on  the  roadway, 
or  a  24-ton  engine,  whichever  gives  the  greater  moment 


Pig.  6. 


Yardage  In  a  Pair  of  Reinforced  Concrete  Abutments. 


Abutment  Diagram.  For  the  purpose  of  determining  off- 
hand the  approximate  yardage  in  a  pair  of  reinforced  con- 
crete abutments  for  either  slab  or  girder  bridges.  Fig.  6  has 
been  prepared,  and  is  applicable  within  the  specific  cases 
used.  For  abutments  of  slab  bridges,  40  different  designs 
were  taken  from  the  files  of  the  Commission,  and  the  number 
of  cubic  yards  in  the  two  abutments  of  each  design  was 
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plotted  against  H  (R+2W),  where  H  is  the  distance  from 
the  finished  roadway  to  the  bottom  of  the  footings,  R  is  the 
clear  roadway  of  the  slab  bridge,  and  W  is  the  length  of  one 
wing  measured  on  the  stream  side.  R  was  taken  as  the 
clear  roadway  of  the  bridge,  as  this  figure  is  always  secured 
at  the  preliminary  inspection  of  the  bridge  site.  W,  the 
length  of  the  wing,  can  always  be  assumed  in  the  field  or 
computed  in  the  office,  knowing  first  the  general  conditions 
of  the  bridge  site. 

It  will  be  noticed  that  the  number  of  cubic  yards  in  the 
two  abutments  varies  approximately  as  the  height  of  the 
abutments;  also,  that  the  maximum  deyiation  from  the  curve 
does  not  exceed  2  cu.  yds.,  and  more  often  it  is  less  thau 
1  cu.  yd.  In  fact,  for  heights  of  abutments  up  to  about  16 
ft,  or  where  H  (R+2W)  does  nol  exceed  900,  the  quantities 
so  plotted  follow  practically  a  straight  line,  and  might  be 
represented  by  the  straight  line  formula,  cubic  yards  =0.09 
[H  (R-I-2W)]  —  1.37.  which  often  is  convenient  when  the 
curve  sheet  is  not  at  hand. 

For  a  particular  bridge,  suppose  the  distance  from  the 
crown  of  finished  roadway  to  bed  of  stream  is  10  ft.,  and 
the  footing  should  be  carried  4  ft.  below  bed  of  stream. 
Then  H=14  ft  Now  assume  the  wings  are  each  to  be  13% 
ft  long,  and  that  the  finished  bridge  will  have  a  16-ft.  clear 
roadway.  We  have  now  H  (R-f^W)=600,  the  value  to  be 
read  at  the  bottom  of  Fig.  6. 

It  will  be  seen,  by  locating  the  point  on  the  curve  and 
going  across  to  the  left-hand  side,  that  there  are  about  53 
cu.  yds.  in  the  two  abutments.  Where  the  quantity  at  the 
bottom  of  the  figure  exceeds  900,  we  readily  see  that  the 
curve  begins  to  rise  above  the  straight  line.  This  is  expected, 
as  abutments  exceeding  16  ft.  in  height  have  the  base  of  the 
wings  spread,  to  allow  for  the  proper  percentage  of  steel. 
This  extra  width  of  base  is  added  to  the  back  of  the  wing 
wall  by  a  batter,  the  batter  extending  up  from  the  footing 
4  to  8  ft,  according  to  the  height  of  the  wall.  This  batter 
does  not  extend  to  the  top  of  the  wall,  as  the  drop  at  the 
end  of  the  wing  would  increase  its  thickness  at  the  end,  and 
this  does  not  give  the  best  appearance  to  the  finished  bridge. 
The  abutment  walls  remain  12  in.  thick  up  to  21  ft  high;  and 
from  there  on,  the  thickness  increases  as  the  height.  The 
slight  variation  from  the  curve  in  solving  specific  cases  may 
be  attributed  to  the  difference  in  the  angle  of  the  wing 
with  respect  to  the  abutment,  and  the  difference  in  width  of 
footing  for  bearing.     The  more  nearly  the  direction  of  the 
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wing  approaches  a  parallel  with  the  center  line  of  the  road, 
the  higher  will  he  the  wing  at  the  end,  thereby  increasiiig 
the  number  of  cubic  yards;  but  as  the  comer  formed  by  tlie 
intersection  of  the  abutment  wall  and  wing  is  measured 
twice,  these  two  quantities  tend  to  compensate  each  other. 
*  For  the  reinforced  abutments  on  girder  superstmctores, 
25  designs  were  taken  from  the  files  of  the  Commission,  aad 
the  number  of  cubic  yards  in  the  two  abutments  plotted 
against  H  (R+2W),  the  notation  being  the  same  as  before. 
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Fig.  7.    Yardage  In  Superatruotures. 

It  is  to  be  noted  here  that  the  number  of  cubic  yards  la 
somewhat  greater  than  the  number  of  yards  in  the  abutments 
for  slab  bridges.  This  is  due  to  the  extra  thickness  of  the 
abutment  walls  proper,  to  give  the  desired  bearing,  and  the 
extra  width  of  footings  under  the  wings.  It  will  be  noted 
on  this  curve,  that  some  of  the  specific  cases  used  had  a 
wide  variation  from  the  mean.  This  can  be  attributed  to  the 
fact  that  some  of  the  abutments  had  extremely  long  wiosa 
that  were  level  on  top,  and  also  the  difTerent  lengths  of  spans 
require  a  little  different  width  of  footing  under  abutments 
to  take  the  required  bearing.  A  curve  of  this  kind  coold 
not  take  into  account  all  of  these  conditions;  and,  while  8eT> 
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eral  points  £All  several  yards  off  the  curve,  the  mean  Is 
close  enough  for  the  purpose  that  it  Is  to  meet 

For  a  particular  case,  take  the  same  dimensions  that  were 
considered  before:  Clear  roadway,  16  ft;  height,  14  ft; 
and  length  of  wings,  13^  ft  We  now  have  600  to  read  off  at 
the  bottom  of  Fig.  6.  Getting  the  intersection  with  the 
curve  for  girder  spans,  we  find  that  the  two  abutments  con- 
tain 67  cu.  yds.  instead  of  53  cu.  yds.  in  case  of  the  slab 
span,  a  difference  of  14  cu.  yds.  in  favor  of  the  slab  bridga 
Fig.  6,  then,  is  a  ready  means  for  comparing  the  substruc- 
tures of  the  two  types  of  concrete  bridges  and  determining 
the  approximate  number  of  cubic  yards  in  each. 

Superstructure  Diagram.  The  next  thing  of  importance  is 
to  determine  the  number  of  cubic  yards  In  the  superstruc- 
tures of  the  two  types  of  bridges.  For  this,  Fig.  7  has  been 
prepared,  and  is  applicable  for  the  fiat-top  type  of  bridge  up 
to  60  ft  in  span.  For  slab  superstructures,  48  designs  of  dif- 
ferent roadways  and  spans  were  taken  from  the  files  of  the 
Commission;  and  the  total  number  of  cubic  yards  in  the 
superstructure  was  plotted  against  the  clear  span  length,  the 
cunces  drawn  through  the  points  having  16,  18,  and  20  ft 
roadway.  The  three  curves  will  meet  the  requirements  of 
the  majority  of  highway  bridges.  Occasionally  a  special  case 
arises,  such  1eus  a  skew  or  extra  wide  roadway;  and  then  it 
is  necessary  to  make  special  computations  to  determine  the 
number  of  cubic  yards. 

For  a  specific  case,  assume  a  bridge  to  have  a  30-ft  clear 
span  and  16-ft  roadway.  We  readily  see  the  number  of 
cubic  yards  to  be  about  43.2. 

We  may  wish  to  consider  for  the  same  site  the  30-ft 
girder  type  with  16-ft  roadway.  Here  we  see  that  the  num- 
ber of  cubic  yards  is  about  88.6,  or  a  difference  of  4.6  cu.  yds. 
in  favor  of  the  girder  superstructure.  But  you  will  notice  for 
the  same  height  substructure  the  difference  in  all  cases  is  in 
favor  of  slab  bridges.  If  it  should  happen  that  for  a  single 
span  the  girder  bridge  and  the  slab  bridge  should  have  the 
same  yardage,  an  advantage  still  rests  with  the  slab  type, 
as  it  has  been  found  that  contractors  usually  bid  more  favor- 
ably on  this  type.  There  is  also  another  very  important  point 
in  favor  of  the  slab  type.  If  for  any  reason  there  should  be 
any  defective  material  placed  in  the  rail,  or  poor  alignment 
in  its  construction,  ft  caxtlye  torn  down  and  replaced  without 
disturbing  the  fioor,  even  after  the  falsework  has  been  taken 
down. 

Cost  Diagram.    Having  found  the  expression  that  is  the 
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measure  of  the  number  of  cubic  yards  in  the  abutments  and 
superstructures  of  concrete  slab  and  girder  bridges,  the  next 
step  is  to  combine  the  quantities  with  a  unit-price*  that  m 
may  determine  the  approximate  cost  of  each  type.  For  this 
purpose.  Fig.  8  has  been  prepared. 

S  S  S  %  S  %  S 

^  »  "^  ^  _  _  - 


Fig.  8.     Coat  of   Bridge  Complete. 

It  has  been  found  from  the  cost  data  of  a  large  number 
of  slab  and  girder  type  concrete  bridges  built  under  the 
supervision  of  the  Illinois  Highway  Commission,  that  it  ifl 
possible  to  get  a  very  close  figure  on  each  individual  item 
that  goes  to  make  up  the  cost  of  the  bridge — (1)  the  cost  tt 
the  bridge  site  of  sufficient  cement  to  make  1  en.  yd.  o( 
1:2H:4  concrete;  (2)  the  cost  of  the  necessary  lumber  for 
forming  1  cu.  yd.;  (3)  the  cost  of  reinforcing  steel  per  cubic 
yard  of  concrete;  (4)  the  labor  cost  in  mixing  and  pladog 
1  cu.  yard,  of  concrete;  (5)  the  cost  of  sufficient  aggregate 
to  make  1  cu.  yd.  of  concrete;  (6)  the  cost  per  cubic  yard 
of  concrete  for  making  the  necessary  excavation  to  start  the 
concrete  of  the  footings.  The  two  items  that  largely  control 
the  cost  of  a  structure  of  this  kind  are  the  excavation  acd 
the  necessary  aggregate  for  the  concrete.  We  find  that  the 
cost  per  cubic  yard  of  concrete  for  cement,  forms,  reinforfr 
ing  steel,  and  the  mixing  and  placing,  have  narrow  limits  In 
their  variation. 

It  therefore  appears  possible  that  some  definite  quantities 
may  be  fixed  to  the  first  four  items,  and  a  curve  plotted 
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for  the  last  two,  combining  them  In  such  a  way  that  the 
total  cost  may  be  readily  determined  after  we  have  learned 
the  number  of  cubic  yards  in  the  bridge. 

The  cost  at  the  bridge  site  of  sufficient  cement  to  make 
1  cu.  yd.  of  concrete  for  a  1:2^:4  mixture  may  vary  from 
$1.75  to  $2.10.  While  the  price  of  cement,  the  distance  it  has 
to  be  hauled,  and  the  amount  required  for  some  aggregates, 
vary  slightly,  the  extreme  variation  would  not  be  over  20 
cents  per  cubic  yard  from  the  average.  From  a  general 
average  of  all  cost  data  on  this  item,  it  would  seem  that  we 
are  probably  safe  In  choosing  for  cement  about  $1.90  per 
cubic  yard  of  concrete. 

The  cost  of  forms  includes  all  the  necessary  falsework, 
bracing,  and  form  lumber  for  completing  the  bridge.  While 
this  item  varies  somewhat  for  different  localities,  and  will 
vary  again  where  the  contractor  can  use  some  of  his  old 
lumber,  it  will  fall  between  the  limits  of  75  cents  and  $2.50. 
Experience  has  shown  that  about  $1.50  for  the  ordinary  type 
of  bridge  is  usually  sufficient,  and  might  well  be  chosen  for 
this  cost  curve. 

The  reinforcing  steel  varies  from  50  lbs.  per  cubic  yard 
for  substructures  to  170  lbs.  per  cubic  yard  for  superstruc- 
tures— or  an  average  of  about  110  lbs.  for  the  two  combined. 
This  steel,  delivered  at  the  bridge  site  under  ordinary  con- 
ditions, and  bent  ready  for  placing  in  the  structure,  will  cost 
about  $2.10. 

The  item  for  mixing  and  placing  concrete  might  vary  from 
$1.50  per  cubic  yard  for  crushed  rock  concrete  mixed  by 
hand,  to  possibly  as  low  as  40  cents  for  gravel  concrete 
mixed  by  machinery.  This  item  should  also  provide  for  the 
necessary  work  in  spading  the  concrete  next  to  the  form  and 
securing  the  desired  finish.  In  spite  of  the  possible  wide 
variation,  we  find  the  cost  of  this  item  varies  but  little  from 
the  fixed  amount  of  $1.25. 

While  all  these  quantities  given  above  may  seem  some- 
what in  doubt  as  to  their  reliability,  yet  experience  has  de- 
termined that  they  are  not  far  from  the  correct  figures  for 
normal  conditions  on  the  average  bridge. 

The  item  of  excavation,  which  includes  also  cribbing, 
aheet-piling,  pumping,  and  all  necessary  work  to  start  the 
concreting  of  the  footings,  has  been  found  from  the  cost  data 
on  file  to  vary  from  50  cents  to  $5  per  cubic  yard  of  total 
concrete  in  the  bridge.  The  50  cents  per  cubic  yard  is  found 
only  in  some  very  favorable  cases  and  on  the  smaller  spans, 
where  there  is  practically  no  cribbing,  sheeting,  or  pumping 
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veloped  for  the  deck  girder,  the  through  girder,  floor-beam 
type,  or  the  arch,  and  would  prove  of  equal, service  to  the 
highway  engineer. 

REINFORCEMENT  TABLES  FOR  GIRDER  AND  SLAB 

BRIDGES 

Tables  1,  2,  and  4  will  give  the  amounts  of  steel  and  size  of 

members  for  different  spans  of  highway  bridges.    The  type 

of  reinforcement  used  is  indicated  at  the  head  of  each  table. 

TABLE  1 

Data  for  Trussed  Bar  Reinforcement 

SLAB  BRIDGE 


SPAN 

Thickness 
of  Slab 

Kahn  Bars 

Cvp-Bars 

Size 

Spacing 

Sixe 

Spacing 

4  Ft. 

!?{: 

10  Ft. 
12  Ft. 
14  Ft. 

6  In. 
6  In. 
7In. 
Sin. 
OIn. 
10  In. 

' 

^xU    In. 

^iK  ^ 
x2  A  In. 

x2AIn. 

x2Sln. 

x2Aln. 

12   n. 

11  Ih. 

lOIn. 

»In. 

Sin. 
In. 
In. 
In. 
In. 
In. 

24   n. 
24  In. 
24  In. 
24   n. 
24  In. 
24  In. 

Cup  bars  are  placed  over  and  at  right  angles  to  Kahn  bars. 
TABLE  2 
Data  for  Trussed  Bar  Reinforcement 
GIRDER  BRIDGE 


p; 

OUTSIDE  BEAMS 

CENTER  BEAMS 

•r 

KAHl^  BARS 

KAHN  BARS 

fi 

STANDARD 

CENlVR 

STANDARD 

.      CENTER 

1 

SIZE 

SHEARED 

SIZE 

SHEARED 

SHEARED 

No 

SIZE 

No 

SIZE 

No. 

SIZE 

No. 

SIZE 

12 
14 

10x16* 
10x16* 

2 
2 

1  x3* 

1  x3* 

1 
♦1 

,'§>■ 

12x16* 
12x16* 

2 
2 

1  x3' 
1x3' 

^:«i 

ii 

20 

10x18' 
12x18' 
12x20* 

2 
2 

2 

1 
1 
1 

,W 

12x18* 
14x18* 
14x20* 

2 
2 
2 

1  -?• 

li:v.; 
1    X2 

^ 

*l 

ifi2r 

ikaf' 

22 

12x22* 

2 

1   x3* 

1 

1  X3* 

14x22* 

2 

1    x2 

24 

12x22* 

2 

1 

i2  * 

1 

i*U^ 

14x22* 

2 

2  x3 

1  x3' 

2fi 

12x24* 

2 

1 

%2  * 

1 

14x24* 

2 

2  xa 

1  x3' 

28 

12x26* 

2 

v2  • 

1 

1  X3* 

14x26* 

2 

2  x:( 

' 

2  x3  ' 
2  x3  • 

2  i3  ' 

30 

12x28* 

2 

2r 

1 

1  x3*^ 

16x28* 

2 

2    3C,i 

', , 

32 

12x80* 

2 

1  '< 

A 

^* 

1 

16x30* 

2 

2  x;i 

1 

34 

14x80* 

2 

2  x3 

.* 

^ 

16x30* 

3 

2  JiA 

2 

m- 

86 

14x32* 

2 

2  x3 

•• 

1 

1  x8* 

16x32* 

8 

2  3Ln 

3 

38 

14x34* 

2 

2  x3 

1 

1  x3* 

18x34' 

3 

2  x:i 

2 

^  *^ .. 

40 

14x36* 

2 

2  x3 

» 

1 

ix2^ 

18x36* 

3 

2  x3 

2 

U2A' 

•Bars  full  length. 

Floor-Slab— 6  in.  thick,  reinforced  with  %xl^in.  Kahn 
bars  spaced  12  in.  centers,  and  %-in.  Cup  bars  spaced  16 
in.  centers. 
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necessary.  On  the  other  hand,  the  cost  of  $5  per  cubic  yard 
of  concrete  is  caused  by  a  soft,  seepy  soil  where  cribbing, 
sheet-piling,  and  excessive  pumping  are  necessary.  Quite 
often  the  wide  variation  in  the  item  for  excavation  is  due  to 
poor  management  on  the  part  of  the  foreman  in  charge. 
This  item,  therefore,  may  vary  considerably;  but  with  ex- 
perience with  the  excavation  that  is  to  be  handled  and  with 
the  type  of  bridge  that  is  to  be  built,  one  is  able  to  estimate 
this  item  sufficiently  close  for  all  practical  purposes. 

It  will  be  seen  that  the  cost  of  the  aggregate  delivered 
to  the  bridge  site  is  the  second  item  determining  the  price 
per  cubic  yard  of  concrete.  Under  the  most  favorable  con- 
ditions with  respect  to  location  of  a  satisfactory  aggregate 
supply,  it  would  likely  cost  at  least  50  cents  per  cubic  yard 
to  haul  it  to  the  mixing  plant  On  the  other  hand,  the  cost 
of  aggregate  at  the  bridge  site  might  exceed  $4  per  cable 
yard,  as  the  structure  may  be  isolated  from  a  railroad  sti- 
tion,  and  it  may  be  necessary  to  ship  in  either  gravel  or 
crushed  rock  and  sand,  besides  hauling  it  several  miles  hito 
the  country. 

In  the  light  of  the  wide  range  on  these  two  items,  Rg.  S 
has  been  prepared  to  giv6  the  total  cost  of  the  bridge  cooh 
plete,  including  profit  to  the  contractor  under  conditions 
where  the  cost  of  excavation,  plus  the  cost  of  aggregate  at 
the  bridge  site,  might  vary  from  $1  to  $9. 

For  a  specific  case,  we  shall  assume  that  a  concrete  bridge 
has  120  cu.  yds.  of  concrete.  We  shall  next  investigate  the 
condition  of  the  foundation,  and  assume  the  cost  for  com- 
pleting this  part  of  the  work,  and  express  it  as  so  much 
per  cubic  yard  of  concrete.  We  then  approximate  the  co9t 
of  delivering  at  the  bridge  site  the  necessary  aggregate  to 
make  1  cu.  yd.  of  concrete.  For  convenience  let  us  say  that 
these  two  quantities  amount  to  $3  per  cubic  yard  of  concrete. 
Entering  Fig.  8  with  120  cu.  yds.  at  the  left-hand  side,  and 
following  this  across  to  the  S3  curve,  or  the  $11  per  cubic 
yard,  which  is  the  same  thing,  and  then  to  the  bottom  of 
the  figure,  we  find  the  cost  of  the  bridge  complete  to  be 
$1,300.  The  total  cost  per  cubic  yard  of  concrete  is  shown 
at  the  top  for  aid  in  determining  the  unit-price. 

From  the  figures  heretofore  given,  we  are  able  to  dete^ 
mine  approximately  the  number  of  cubic  yards  in  either  the 
slab  or  the  through  girder  type  of  bridge,  besides  having  a 
ready  means  of  determining  the  probable  cost.  While  the 
curves  here  developed  apply  only  to  the  slab  and  through 
girder  types  of  bridges,  similar  curves  might  readily  be  de- 
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▼eloped  for  the  deck  girder,  the  through  girder,  floor-beam 
type,  or  the  arch,  and  would  prove  of  equal ,  service  to  the 
highway  engineer. 

REINFORCEMENT  TABLES  FOR  GIRDER  AND  SLAB 
BRIDGES 
Tables  1,  2,  and  4  will  give  the  amounts  of  steel  and  size  of 
members  for  different  spans  of  highway  bridges.     The  type 
of  reinforcement  used  is  indicated  at  the  head  of  each  table. 

TABLE  1 

Data  for  Trussed  Bar  Reinforcement 

SLAB  BRIDQE 


SPAN 


4  Ft. 

6  Ft. 

8  Ft. 
10  Ft. 
12  Ft. 
14  Ft. 


Thickness 
of  Slab 


6  In. 

6  In. 

7  In. 

8  In. 
ein. 

10  In. 


Kahn  Bars 


Size 


m  '"• 


Spacing 


12  In. 

Sin. 
12  In. 
U  Ih. 
10  In. 

»In. 


Cup-Bar8 


Size 


3  In. 

iln. 
In. 
In. 
In. 
In. 


Spacing 


24  In. 
24  In. 
24  In. 
24  In. 
24  In. 
24  In. 


Cup  bars  are  placed  over  and  at  right  angles  to  Kahn  bars. 
TABLE  2 
Data  for  Trussed  Bar  Reinforcement 
GIRDER  BRIDGE 


nr 

OUTSIDE  BEAMS 

CENTER  BEAMS 

KAHN  BARS 

KAHN  BARS 

S 

BTANDARO 

CENTER 

STANDARD! 

.      CENTER 

5 

SIZE 

SHEARED 

SIZE 

SHEARED 

i 

No 

SIZE 

No 

SIZE 

No. 

SIZE 

No. 

SIZE 

n 

loxie* 

10x1©' 

2 

2 

1  x3* 

1  xy 

1 
•1 

l'.3- 

12x16* 
12x16* 

2 
2 

1  x3* 
1x3- 

\^W 

16 

18 
90 

10x18* 
12x18* 
12x20* 

2 
2 
2 

1 
1 
1 

1  x3' 

12x18* 
14x18* 
14x20* 

2 
2 
2 

1  x3* 
11x2  * 
l|x>  * 

ijx:;:  * 

♦1 

1  x3* 

?? 

12x22* 

2 

1  xr 

1 

1  13' 

14x22* 

2 

94 

12x22* 

2 

1 

x2  ' 

1 

U2A* 

14x22* 

2 

2  x:^  * 

?0 

12x24* 

2 

1 

x2  * 

1 

1  xa- 

14x24* 

2 

2 

1  x3* 

W 

12x28* 

2 

1 

x2  * 

1 

1   x3- 

14x26* 

2 

2         * 

80 

12x28* 

2 

1 

2f^ 

1 

U^A' 

16x28* 

2 

2 

2  x34* 

89 

12x30* 

2 

I 

X2^ 

» 

1 

1  xS' 
1   x3- 

16x30* 

2 

2      1  * 

:, 

2  x3«* 

84 

14x34* 

2 
2 
2 

2  je3 
2  Jt3 
2  3c3i 

1 

16x30* 
16x32* 
18x34* 

3 
8 
3 

2      1  * 
2      1* 
2      [.* 

2 
3 
2 

.1^ 

40 

14x36* 

2 

2  x3i* 

1 

ii2A*    18x36* 

3 

%      \\'     2 

1x2  A* 

^Bars  full  length. 

Floor-Slab — 6  In.  thick,  reinforced  with  %xl%in.  Kahn 
bars  spaced  12  in.  centers,  and  %-in.  Cup  bars  spaced  16 
Vdl»  centers. 


TABLE  3 
Values  of  Depth  to  Steel,  Area  of  Steel,  and  Spacing  of  Steel 
Rods  or  Bars  In  Girders  and  Slabs,  for  Different  Values 
of  the  Bending  Moment 


Farmnlai- 


«=.01llX12Xd 

Formulas  baaed  on  allow* 
able  unit  stresses  of  750  Lbs. 
per  so.  in.  on  concrete  and 
I3.S00  lbs.  per  sq.  in.  on  steel. 
90%  must  be  added  to  Live 
Load  moments. 


e^U  in.  fot\  in.  sq.  bsfi 
e=^|  in.  fortin.sq.  ban 
6=2   in.  for  1  in.  sq.  ban 

When  S  is  less  than  4  times 
dimension  of  bar  a  donbli 
row  mvst  be  i 


Resisting  Moment 
in  tliousands 

iA.-ib8. 


d(in.) 

Denth  to 

Steel 


•<SQ.in.) 
Areackf 

Width 


Snacinc 
otoc  ti 

Sq.  Ban 


for  e 


Spaciac 
So.  Ban 


Spadns 
etpcfer 

3a.  Bsn 


14 

19 

25 

81 

S9 

47 

66 

C6 

76 

88 

100 

113 

126 

141 

156 

172 

189 

206 

224 

244 

264 

284 

306 

328 

360 

400 

452 

505 

663 

624 

688 

755 

823 

807 

975 

1,054 

1.139 

1.221 

1.311 

1,404 

1,499 

1.593 

1,700 

1302 

1,910 

2.020  , 

2.135  . 

2.256   . 


!»* 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
36 
37 
38 


.40 
.47 
.53 
.60 
.67 
.73 


.93 
1.00 
1.06 
1.13 
1.20 
1.27 
1.3S 
J  41) 

^,^: 

l.M> 

i.i>t> 

V   L< 

2  2t; 

306 

3.33 
3.46 
3.60 
3.73 

in 

4.40 
4.53 
4.66 
4.79 
4.93 
6.06 


i;^ 
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TABLE  4 

Data  for  Bar  and  Expanded  Metal  Reinforcement 

GIRDER  BRIDGE 


\BtAH 

m 


12 

14 

10. 
18 
20 
22 
24 

26 
28 

80 

82 
84 

86 

88 

40 


OUraiDE  GIRDggS 


lOF 
GiBDBBS 


8zl2zl7 

10X18X18 
10x14x20 
10x16x21 
10x16x28 
12x18x26 
12x18x26 

12x10x27 
12x20x28 

12x21x20 

12x22x80 
12x28x81 

12x24x88 

12x24x84 
12x26x86 


NO.  JUfD 
eUBOF 


8-    • 


6- 


6^r 

/2-1* 

u- r 


/2-1' 
8-1  r 


10-3 

ig-8 

16-8 
16t8 
20-8 
26-^ 
26-8 

26-8 
80-8 

86-8 

86-8 
40-8 

40-8 

40-8 
40-3 


INSIDE  GIRDERS 


SisaoF 

QlRDBRS 


10x17 

10x18 
10x20 
12x21 
12x23 
12x26 
12x26 

14x27 
14x28 

14x20 

16x30 
16x31 

16x38 

18x34 
18x36 


NO,A}fD 
BUM  OF 
BABEklNB 


2-r 


12-1' 


SXF.  • 
MXTAI* 


30-8 

80-8 
30-8 
36-8 
36-8 
40-8 
40-8 

40-8 
40^ 

40-8 

40-8 
40-8 

40-8 

40-8 
40-3 


Cost  of  Through  Girder  Concrete  Highway  Bridges 
The  costs  shown  In  Table  5  were  given  In  a  paper  read 
by  A.  N.  Johnson,  State  Highway  Engineer  of  Illinois,  be- 
fore the  Illinois  Society  of  Surveyors  and  Engineers.  The 
bridges  referred  to  were  of  the  through  girder  type,  with 
the  bridge  floor  supported  by  the  two  side  girders.  The  mix- 
ture of  concrete  used  consisted  of  1  part  Portland  cement, 
2^  parts  sand,  and  4  parts  coarse  aggregate 


Fig.  9.    Crosa-Sectlon  of  Highway  Arch  Bridge. 


HIGHWAY  ARCH   BRIDGES 

Highway  arch  bridges  are  usually  low  and  flat,  and  vary 
in  span  length  from  20  to  100  ft    The  ordinary  type  consists 
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of  an  arch-barrel  and  spandrel  walls,  with  an  earth  filling 
betw^n  tha  walls.  Ornamental  concrete  parapets  are  often 
used,  although  ordinary  gaspipe  railing  is  very  common.  The 
width  of  these  bridges  ranges  from  14  ft.  for  small  creek 
crossings,  to  60  ft  or  over  for  structures  carrying  city  streets. 

Fig.  9  gives  a  cross-section  of  a  highway  arch  bridge. 
This  bridge  was  built  in  1904,  at  Torktown,  Indiana.  It 
has  a  span  of  95  ft;  a  rise  of  11  ft.  1  in.;  a  height  of  opening 
of  15  ft.  7  in.,  and  crown  thickness  of  26  in.  The  roadway 
Is  16  ft.  wide.  The  arch-rods  are  %  in.  square,  spaced  6  in. 
The  parapets  are  monolithic  concrete,  18  in.  by  3  ft.  high. 
The  design  was  made  for  a  20-ton  roller,  or  200  pounds  per 
sq.  ft 

For^  ordinary  highway  construction  where  long  spans  are 
required,  and  where  heavy  loads  such  as  traction  engines 
and  their  accompanying  machines  or  heavy  earth-fills  will 
occur,  an  arch  of  this  type  is  especially  suitable.  The  con- 
struction has  all  the  strength  of  the  masonry  arch,  with  much 
greater  elasticity.  In  case  of  settlement  of  the  abutments, 
the  reinforcing  steel  will  take  strains  that  would  cause  large 
cracks  in  ordinary  masonry. 

In  cities  and  towns  where  it  is  necessary  to  have  the 
streets  cross  a  stream,  the  reinforced  concrete  arch  not 
only  insures  strength  and  stability,  but  is  capable  of  such 
varied  artistic  treatment  that  it  is  being  almost  universally 
adopted  in  municipal  work. 

CONCRETE  ARCH  BRIDGES 

Mr.  George  P.  Carver,  in  his  handbook  on  Reinforced 
Concrete,  gives  the  accompanying  detailed  estimates  of  con- 
crete arch  bridges  of  50,  75,  and  100-ft  span,  28  ft  wide,  from 
which  he  has  prepared  a  curve  of  costs  to  be  used  in  roughly 
astimating  such  structures  for  interurban  railroad  use: 
8PAK,  50  FT.;  WIDTH,  88  FT. 

Steel,  27,700  lbs.,  at  2^  cents $    692.50 

Steel  plaeing,  27,700  lbs.,  at  1  cent 277.00 

Form  work  at  $1  per  ea.  yd 370.00 

Cemeat,  481  bbls.,  at  $2 962.00 

Sand,  185  eu.  yds.,  at  |1. 185.00 

Stone,  370  en.  yds.,  at  $2 740.00 

ICizisg  and  plaetng  370  co.  yds.  at  $1.50 555.00 

$  3,781.50 
Ineideatala,  add  15  percent 567.28 

•  4,348.78 
ProfitTadd  10  per  cent 484.87 

729  8  4.788.69 
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SPAN,  75  FT.;  WIDTH,  28  FT. 

8tbel,  88,000  lbs.,  «t  2\i  cents $    970JD0 

Placing  steel,  38,800  Iba.,  at  1  cent 888J0O 

Fonn  work  at  $1  per  eo.  yd.' 74aJD0 

Cement,  962  bbls.,  at  $2 IjmM 

Sand,  370  en.  yds.,  at  $1 STQlOO 

Stone,  740  cu.  yds.,  at  $2 l,4d(U)0 

Mixing  and  pl&eing  370  en.  yds.  at  $1.50 555i» 

|6,ML0O 
Incidentals,  add  15  per  cent Ifiiljn 

|8/)»J0 
Profit,  add  10  per  cent 802JI 


$8,832JS 

SPAN,  100  FT.;  WIDTH,  28  FT. 

Steel,  38,800  lbs.,  at  2V^  cents I     97QlOO 

Placing  steel,  55,650  lbs.,  at  1  cent 566^ 

Form  work  at  $1  per  cu.  yd.  • .  • 1,008.00 

Cement,  1,310  bbls.,  at  $2 2,e2a00 

Sand,  504  cu.  yds.,  at  $1 ^...  90iM 

Stone,  1,008  cu.  yds.,  at  $2 2,016jOO 

Mixing  and  placing  1,008  cu.  yds.,  at  $1.50 1,51SjOO 

$  9,607.r5 
Incidentals,  add  15  per  cent 1,44116 

Profit,  add  10  per  cent 1,1018$ 


$1245180 

Table  6  gives  some  of  the  dimensions  and  costs  of  a 
nimiber  of  arches.  In  the  case  of  single  arch  spans,  the  cost 
per  square  foot  is  computed  from  face  to  face  of  abntments 
and  out  to  out  of  railings. 

Specifications   for   Design   of  Concrete    BridgM 
Bureau  of  Surveys,  Department  of  Public  Works. 
Philadelphia,  Pa. 
Data  for  Calculation.    The  structure  shall  be  proportioned 
to  carry  the  dead  load— consisting  of  the  weight  of  the  stnic- 
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tural  material,  driveway,  and  sidewalk  formation,  rails,  cartn^ 

and  railings — and  one  of  the  following  classes  of  live  load: 
A  uniformly  distributed  Ipad  over  the  entire  forface,  t^ 

eluding  driveway  and  sidewalks,  as  follows: 
For  spans  up  to  75  ft,  100  pounds  per  sq.  ft 
For  spans  over  75  ft  and  not  over  150  ft,  90  pounds  per 

sq.  ft 

For  spans  over  150  ft,  80  pounds  per  sq.  ft 

Sidewalk  brackets,  joists,   and   floor  to  be   proportioned 

for  a  local  loading  of  110  pounds  per  sq.  ft 
A  concentrated  moving  load  as  follows: 
For  bridges  with  permanent  pavement  on  metal  deck,  a 

load  of  40  tons  equally  distributed  on  four  wheels  spaced  20 

ft  between  axles,  and  6  ft  gauge. 

The  following  weights  are  to  be  used  in  computing  the 

dead  load: 

Concrete,  140  pounds  per  cu.  ft 

Binder  coat  135  pounds  per  cu.  ft 

Granolithic  pavement,  140  pounds  per  cu.  ft 

Asphalt  wearing  surface,  87  pounds  per  cu.  ft 

Granite  block  paving,  6  in.  in  depth,  80  pounds  per  sq.  ft 

Vitrified  brick  paving,  4  in.  in  depth,  50  pounds  per  sq.  ft 

Woodwork,  4  pounds  per  foot,  board  measure. 

Comparative  Costs  of  8mall  Railroad  Bridges 

In  order  to  determine  the  most  economical  type  of  stni^ 
tures  for  short-span  railway  bridges,  the  costs  of  four  dif- 
ferent designs  were  computed  for  span  lengths  of  from  10 
to  35  ft  The  four  types  of  structures  which  were  estimated 
are  as  follows: 

A — ^I-beam  span  with  standard  open  wooden  floor. 

B-1 — I-beams  imbedded  in  concrete  and  ballast  floor, 

B-2 — Concrete  ballast  floor  supported  on  I-beams. 

0 — ^Reinforced  concrete  slab  with  ballast  floor. 

The  spans  were  flgured  for  the  total  dead  loads  and  t 
Cooper's  E-50  live  load.  The  unit  allowed  stresses  in  the 
steel  beams  were  8,000  lbs.  per  sq.  in.  for  live  load,  and  16.000 
lbs.  per  sq.  In.  for  dead  load.  The  allowed  unit-stresses  in 
the  concrete  slabs  were  750  lbs.  per  sq.  in.  in  the  concrete, 
and  13,500  lbs.  per  sq.  in.  in  the  steel,  for  dead  load;  and 
500  lbs.  per  sq.  in.  in  the  concrete,  and  9,000  lbs.  per  sq.  in.  in 
the  steel,  for  live  load. 

The  steel  beams  were  estimated  to  cost  2%  cents  per 
pound;  the  reinforcing  steel,  3  cents  per  pound;  the  con- 
crete, 35  cents  per  cu.  ft,  or  $9.50  a  cu.  yd.     The  ballast 
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and  floor  were  estimated  at  $1.50  per  linear  foot,  and  tbe 
wooden  floor  at  $3.60  per  linear  foot 

The  costs  for  each  of  the  four  designs  for  the  Taitoa 
spans  were  plotted  as  shown  in  Fig.  10.  The  spans  are  laid 
off  on  one  axis;  and  the  costs  in  dollars  for  the  stnictim» 
exclusive  of  abutments,  are  laid  off  on  the  other  axis.  FlSi 
10  shows  also  %he  cross-sections  of  the  four  types  considered. 
An  inspection  of  the  cury^es  will  show  the  following: 

1.  The  I-beam  spans  with  the  open  wooden  floor  are 
the  cheapest. 

2.  The  reinforced  concrete  slabs  are  only  slightly  more 
expensive  than  the  Type  A  spans,  and  cheaper  than  Types 
B-1  and  B-2. 

3.  The  Type  B-2  spans,  I-beams  imbedded  in  concrete,  are 
the  most  costly  constnictioiL 

4.  The  difference  in  cost  between  the  Type  A  and  Type 
C  spans  does  not  increase  as  the  span  length  increaaea. 

5.  The  difference  in  cost  between  the  Type  C  and  Type 
B  spans  increases  rapidly  as  the  span  length  increases. 

It  will  be  noticed  that  a  slight  change  in  the  relative  coats 
of  the  steel  and  concrete  in  the  various  types  will  affect  rela- 
tive positions  of  the  curves.  The  costs  used  are  indicated 
to  be  average,  and  therefore  the  curves  indicate  the  economy 
of  the  various  types  of  spans  in  the  average  case.  It  ia  en- 
tirely possible,  however,  that  under  certain  conditions  the 
cost  of  concrete  may  be  so  low  that  the  Type  C  spans  will  be 
cheaper  than  the  Type  A  spans. 

Abutments  and  Piers 

Design  of  Abutments.  The  supports  at  each  end  of  a 
bridge  are  known  as  abutments.  An  abutment  serves  a  num- 
ber of  purposes:  it  furnishes  a  resting-place  for  the  end  of 
the  span;  it  distributes  the  weight  of  the  bridge  over  the 
foundation;  and  it  prevents  the  bank  from  running  out  into 
the  stream  at  the  end  of  the  bridge. 

It  is  the  object  of  bridge  engineers  to  plan  abutments 
which  will  fulfill  these  requirements  and  at  the  same  time 
be  as  economical  as  possible  to  construct;  and  every  man 
who  may  be  called  upon  to  assist  in  bridge-building  should 
understand  this  object  if  he  expects  to  do  his  part  of  the 
work  intelligently. 

The  first  step  in  the  design  of  an  abutment  is  to  provide 
a  resting-place  for  the  pedestals  which  carry  the  bridge-span. 
These  pedestals  are  made  sufficiently  large  to  prevent  the 
crushing  of  the  material  of  the  top  of  the  abutment,  or  bridge- 


BRTOGES  AND  CULVERTS  737 

seat,  under  the  load  of  the  bridge.  After  the  size  of  the 
bridgeeeat  has  been  determined,  the  area  and  depth  of  the 
foundation  course  is  calculated,  the  actual  dimensions  depend- 
ing on  the  nature  of  the  underlying  soil,  which  Is  known 
from  preliminary  Investigations.  The  third  and  last  step 
iB  to  provide  for  the  embankment  behind  the  abutment  in 
such  a  way  that  It  will  not  encroach  on  the  clear  waterway 
or  opening  under  the  span.  There  have  been  a  number  of 
abutment  types  developed  to  accomplish  this  object,  among 
which  are:  wing-abutments.  Tee-abut  me  ntSp  U-abutmentt,  aroli 
abutmentSp  and  a  number  of  special  types. 

Bridge  Piers.  It  has  always  been  the  endeavor  of  brldge- 
builde^  to  make  the  clear  span  of  their  structures  as  large 
as  possible;  but  since  the  cost  of  a  bridge  Increases  very 
rapidly  as  the  span  Is  made  longer.  It  Is  customary  to  cross 
only  the  smaller  streams  and  valleys  without  the  use  of  In- 
termediate supports  between  abutments.  When  a  bridge  is 
supported  at  some  point  between  the  abutments,  the  supports 
Ing  structure  is  known  as  a  bridge  pier  or  tower.  Towers 
are  used  only  for  high  viaducts  and  short  spans,  and  are 
seldom  placed  in  mid-stream;  piers  are  far  more  commoiL 

From  its  definition  It  will  be  seen  that  a  pier  has  to  carry 
the  vertical  weight  of  the  bridge  and  Its  traffic;  it  usually 
is  placed  in  mid-stream,  and  must  be  able  to  resist  the  action 
of  moving  water  and  Ice,  and  it  must  give  the  bridge  an 
anchorage  to  prevent  Its  overturning  as  a  result  of  wind 
or  vibration.  To  accomplish  these  ends,  a  pier  must  have 
compressive  strength,  masslveness,  and  weight,  and  be  de- 
signed for  stability  and  bearing  power.  The  civil  engineer 
has  these  objects  in  view  when  he  is  planning  the  piers  for 
a  particular  bridge;  and  a  knowledge  of  his  methods,  as 
well  as  of  the  ways  and  means  of  getting  the  required  re- 
sults, should  be  of  value  to  the  construction  man  who  car- 
ries out  the  work  In  the  field. 

The  first  problem— to  design  the  pier  with  sufficient  com- 
pressive strength  and  footing  area  to  transmit  the  load  to 
the  foundation  and  spread  It  sufficiently  to  prevent  settle- 
ment— ^Is  attacked  as  follows: 

The  part  of  the  total  weight  of  the  bridge  superstructure 
— ^trusses,  girders,  bracing,  floor,  etc.,  as  well  as  the  load  of 
the  trains,  cars,  vehicles,  and  people — ^whlch  can  possibly 
come  on  the  piers,  is  computed.  The  steel  or  cast-iron  shoes 
or  pedestals  which  rest  on  the  top  of  the  pier  are  then 
made  large  enough  to  distribute  this  load  so  as  not  to  ex- 
ceed the  safe  compressive  strength  of  the  material  of  which 


738     RADFORD'S  ESTIMATING  AND  CONTRACTING 

the  pier  Is  constructed.  The  size  of  the  top  of  the  pier — 
or  the  bridge-eeat,  as  it  is  technically  known— is  governed 
by  the  size  and  position  of  these  bridge  pedestals.  The 
dimensions  of  the  pier  are  usually  increased  from  the  top 
downward,  by  sloping  or  "battering"  the  sides  until  the  top 
of  the  footing  course  is  reached.  Footing  course  is  the  name 
given  to  the  lowest  part  of  the  structure,  and  is  the  layer 
of  masonry  resting  directly  on  the  foundation.  The  bottom 
of  the  pier  must  be  placed  at  such  a  depth  below  the  sar> 
face  of  the  ground  or  bed  of  the  stream  as  will  Insure  a  firm 
foundation  and  safety  from  the  effects  of  frost  and  the  sooor* 
Ing  action  of  the  current 

The  total  weight  of  the  bridge  coming  on  the  bridge-seat, 
together  with  the  weight  of  the  pier  itself,  constitute  the 
total  load  on  the  foundation;  and  the  area  of  the  base  of  the 
pier  must  be  made  large  enough  to  distribute  this  pressure 
according  to  the  safe  supporting  power  of  the  particular  foun- 
dation. The  nature  of  the  foundation  is  ascertained  before 
the  design  is  made,  and  the  supporting  power  in  tons  per 
8q.  ft.  is  estimated.  In  many  cases  it  is  found  necessary  to 
use  piles  or  more  extreme  precautions  to  give  the  pier  a 
sufficiently  firm  foundation. 

The  second  requirement  for  the  design  of  a  pier  is  that 
It  should  be  able  to  resist  the  action  of  running  water  or 
moving  ice  and  debris.  Water  will  have  little  effect  on  a 
masonry  pier  unless  it  manages  to  undermine  the  footings; 
and  this  will  not  occur  if  the  precautions  mentioned  in  the 
preceding  paragraph  are  taken.  Floating  ice  and  wreckage, 
however,  constitute  a  formidable  menace  to  the  stability  of 
a  bridge;  and  for  this  reason  it  is  well  to  have  as  few  piers 
as  possible  exposed  to  the  current  Such  piers  as  are  ex- 
posed should  be  made  massive,  well  founded  to  prevent  slid- 
ing,  and  shaped  to  obstruct  the  current  as  little  as  possible 
and  deflect  the  logs  or  ice  that  may  be  thrown  against  them. 
For  this  reason,  piers  have  their  long  dimension  parallel  to 
the  stream,  are  made  as  narrow  as  possible,  and  are  pn>> 
vided  with  a  rounded  or  pointed  cut-water  or  starling  at  the 
upstream  end.  The  nose  Is  often  reinforced  with  old  rail. 
steel  bars,  or  cast-iron  plate. 

The  final  requirement  for  a  well-designed  piei^— stability 
against  overturning — is  usually  supplied  for  ordinary  heights 
if  the  precautions  mentioned  above  have  been  taken.  In 
the  case  of  a  high  pier,  however,  it  is  often  necessary  for 
the  engineer  to  make  additional  calculations  in  view  of 
sible  overturning. 
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Bridge  piers  have  been  built  of  piles,  timber  frames  filled 
with  stone,  metal  cylinders  filled  with  concrete,  brick,  and 
stone  masonry,  but  are  now  generally  constructed  of  concrete, 
which  is  an  ideal  material  to  answer  all  the  requirements. 


ci 

1 

1 

-3 

nS^Cr/Or/  OF  BOX  COH/BGT 


s5£cr/on  or  SOX  coti/BtST 


^SMCT/Otf  OF  /yjSC/i  COLi/e-JBT 

Fig.    11.     Culvert   Sections. 


nSBCTiOH  OF  FfiSCH  CULi/eBT 

^  3  -  CBA^TS'/^eO  J 


For  piers  of  average  height,  plain  concrete  is  all  that 
is  required;  but  for  the  center  piers  of  swing-bridges,  and 
for  piers  of  extreme  height.  It  has  been  found  economical 
in  many  cases  to  use  reinforced  concrete  and  to  make  the 
piers  hollow. 

The  cost  of  abutments  and  piers  will  vary  in  each  partlc* 
iilar  design,  but  may  be  estimated  approximately  by  deter- 
mining the  quantity  of  materials  needed  from  the  plans,  and 
determining  the  cost  of  placing  from  the  rules  already  given 
under  "Concrete  Construction." 
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Fig.  12.    Section  of  Concrete  Box  Culvert,  Showing  Formic 


REINFORCED  CONCRETE  CULVERTS 
The  difference  between  a  culvert  and  a  bridge  is  not  very 
clearly  marked.  A  large  culvert  may  be  called  a  snail 
bridge,  and  a  small  bridge  is  but  little  different  from  a  cul- 
vert. The  two  structures  may  best  be  distinguished  by  their 
purpose — a  bridge  being  Intended  as  a  crossing  over  a  stream 
or  guldi,  while  a  culvert  is  needed  to  allow  a  creek  or 
ditch  to  pass  under  a  road.  A  culvert  serves  as  a  drain 
or  conduit,  and  is  covered  by  the  road  embankment;  for 
this  reason  it  must  be  composed  of  a  material  which  wHI 


Fig.  1&     Crost-Sectlon  of  Concrete  Arch  Culvert,  Stiowing 

Forms. 
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not  rot  under  the  most  adverse  conditions  of  alternate  wet 
and  dry  periods. 

Bridges  are  often  built  of  considerable  lengths,  when  an 
embankment  with  a  small  culvert  would  be  much  more  de- 
sirable because  of  the  greater  stability  and  permanence  of 
the  crossing  and  the  reduced  cost  of  repairs  and  renewals. 

There  are  three  distinct  types  of  culverts:  Box-culverts, 
which  are  rectangular  in  section;  arch  culverts,  which  have 
arched  tops  and  in  some  cases  arched  floors;  and  pipe  cul- 
verts, which  are  circular  or  elliptical  In  section. 

Box  culverts  (see  Fig.  11,  A  and  B,  and  Fig.  12)  were 
formerly  built  of  wood  or  stone,  and  later  of  concrete,  with 
covers  of  old  rails;  but  reinforced  concrete  is  now  the  stand- 
ard construction.  Arch  culverts  (see  Fig.  11,  C  and.  D,  and 
Fig.  13)  are  built  of  concrete,  either  plain  or  reinforced,  the 
more  modem  material  having  replaced  stone  masonry. 

Culvert  pipes  of  cast  iron,  corrugated  sheet  steel,  and 
Titrifled  clay,  are  still  used;  but  concrete  has  Invaded  this 
field  also,  and  Is  perhaps  more  extensively  used  today  than 
any  other  material  for  culvert  construction.  In  some  in- 
stances it  is  combined  with  the  sheet  metal,  the  latter  being 
used  as  as  form  for  the  bore  and  left  in  place  after  the  con- 
crete is  filled  in. 

Table  7  gives  figures  from  which  to  make  estimates, 
giving  the  necessary  thickness  of  top,  bottom,  and  side  walls 
for  various-sized  culverts,  the  amount  of  material  needed,  etc. 
These  figures  are  for  culverts  18  ft  long.  On  longer  or 
shorter  ones,  make  estimates  in  proportion. 

The  costs  of  completed  culverts  as  here  estimated  are 
figured  on  cement  at  66  cents  per  hundred  pounds,  and  gravel 
at  |1  per  yard.     The  cost  of  this  kind  of  concrete  work 


TABLE  7 
Data  for  Estimating  on  Culvert  Construction 
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is  close  to  18  cents  per  cu.  ft  of  concrete  used;  and,  as 
cement  in  the  proportions  mentioned  does  not  increase  the 
bulk  of  gravel,  to  estimate  the  cost  of  any  sized  culvert 
completed,  multiply  the  estimated  amoimt  of  gravel,  in  cu. 
ft.,  by  18— this  will  give  you  the  cost  complete.  Multiply 
by  11  to  get  the  cost  of  cement;  by  7  for  cost  of  material 
on  the  ground  and  placed. 

The  figures  in  the  table  are  made  on  a  basis  of  18-ft. 
culverts,  with  coping  to  extend  two  feet  from  waterway 
through  culvert,  and  concrete  in  proportion  of  1  part  cement 
to  6  parts  gravel  or  sand. 

Box  Culverts 

Tables  8  to  11,  compiled  by  the  Information  Bureau  of 
the  Universal  Portland  Cement  Company,  give  dimensions  of 
parts,   and   quantities  of  materials  needed,  in   the  case   of 
box  culverts  with  difterent  heights  of  fill. 
Arch  Culverts 

Tables  12  and  13,  also  compiled  by  the  Information  Bu- 
reau of  the  Universal  Portland  Cement  Company,  give  sizes 
and  quantities  of  materials  needed  in  case  of  plain  concrete 
arch  culverts  up  to  8  ft.  in  span. 

TABLE  8 

Data  for  Culvert  Construction 

Wing  Wall   Dimensions — Flat-Top   Culvert 

(To  be  used  with  Tables  9,  10,  and  11) 
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TABLE  13 
Data  for  Culvert  Construction 

Plain  Concrete  Arch  Culvert — ^Dimensions  of  Win^  Walls  and 
Amount  of  Materials,  Including  Guard-Rails,  Floor,  and 
Apron 

(To  be  uaed  with  Table  12) 
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Sewers  and  Conduits 

A  sewerage  system  consists  of: 

1.  A  trunk  or  main  sewer.  This  is  built  of  sofflciaitlT 
large  cai>acit7  to  carry  away  all  waste  waters,  and  liquid 
filth  containing  fecal  and  other  polluting  matters,  from  a 
given  district  the  boundaries  of  which  are  prescribed. 

2.  Lateral  Sewers.  Each  one  of  these  serves  the  pa^ 
ticular  street  under  which  it  lies.  These  lateral  sewers  are 
connected  with,  and  discharge  into  the  trunk  sewer. 

A  sewerage  system  may  also  include: 

3.  An  Intercepting  sewer.  This  is  built  large  enough  to 
enable  it  to  collect  and^  carry  away  the  sewage  from  a  num- 
ber of  trunk  sewers  to'  the  point  of  final  discharge.  Where 
a  stream  of  water  is  available,  the  intercepting  sewer,  toward 
the  latter  end  of  its  course,  is  built  parallel  with  the  stream* 
until  it  reaches  the  place  of  discharga 

4.  A  relief  sewer.  In  many  cities  the  continued  increase 
in  population  and  in  manufacturing  causes  such  an  increase 
in  the  volume  of  sewage  to  be  removed  that  in  course  of 
time  the  capacity  of  the  original  sewer  becomes  overtaxed. 
In  such  cases  a  relief  sewer  is  built,  generally  parallel  with 
the  old  sewer,  and  sharing  its  work. 

The  various  functions  of  a  sewera(|e  system  are:     (1)    To 
carry  away  all  sewage,  such  as  household  waste  waters,  liqnid     ' 
and  fecal  matter,  etc.     (2)     To  carry  away  from  manufac-     | 
turing  establishments  all  waste  waters,  and  other  liquid  trade     | 
wastes  containing  organic  or  inorganic  waste  products  that 
are  objectionable  and  a  menace  to  public  health.     (3)     To 
carry  away  storm  water,  not  only  from  the  roofs  of  build- 
ings, but  also  from  the  surface  of  the  streets.    (4)    In  many 
cases  the  sewerage  system  is  utilized  for  the   purpose   of 
draining  areas  beyond  the  limits  of  those  directly  served. 
when  it  is  found  that  such  areas  can  be  conveniently  drained 
in  this  manner. 

When  a  sewerage  system  serves  a}l  the  purposes  her<> 
enumerated  it  is  termed  a  combined  sewerage  system.  If. 
on  the  other  hand,  the  system  serves  only  to  remove  sewage 
and  trade  wastes  in  liquid  form,  and  from  which  all  stonr 
water  and  other  waste  products  are  excluded,  it  is  called  a 
separate  sewerage  system.     Under  these  conditions  It  is  izx 
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many  Instances  necessary  to  install  a  system  of  storm  sewers 
In  connection  with  other  drains  and  conduits,  for  the  express 
purpose  of  removing  storm  water  from  the  streets. 

CAPACITY  OF  A  SEWERAGE  SYSTEM 

The  capacity  of  a  system  of  sewers  which  it  is  pro- 
posed to  install  in  a  given  locality,  will  depend,  of  course* 
upon  the  greatest  volumes  of  sewage  and  other  liquids  which 
the  system  will  be  called  upon  to  remove  at  any  time;  and 
this  is  to  be  calculated  from  the  maximum  rates  of  dis- 
charge from  all  the  various  sources  connected  with  the  sys- 
tenL  The  periods  of  time  when  these  maximum  rates  of 
discharge  are  liable  to  occur,  must  also  be  taken  into  ac- 
count in  designing  the  system.  Another  very  important  fac- 
tor in  connection  with  the  design  and  installation  of  a  sew- 
erage system,  and  one  which  must  be  accurately  known, 
is  the  volume  of  water  supplied  by  the  waterworks  pumping 
system. 

Of  course,  a  portion  of  the  water  supplied  by  the  pumping 
system  is  used  in  boilers,  also  a  portion  is  used  for  sprinkling 
lawns,  and  for  other  purposes  which  do  not  contribute  to 
the  volume  of  sewage  to  be  carried  away;  but,  as  a  gen- 
eral thing,  the  volume  of  sewage  will  very  nearly  equal  the 
volume  of  water  supplied  by  the  pumping  works.  The  aver- 
age dally  per  capita  consumption  of  water — ^which  is  the  quan- 
tity of  water  used  per  day  for  each  person  living  within 
the  boundaries  of  the  town  or  city  to  be  served — ^is  usually 
taken  as  the  basis  for  determining  the  volume  of  sewage  to 
be  provided  for  in  the  design  of  a  sewerage  system.  How- 
ever, in  order  to  insure  a  satisfactory  service,  and  to  pro- 
vide for  fluctuations,  there  should  be  added  from  70  to  100 
gallons  per  capita.  As  will  be  seen  from  the  accompanying 
table,  the  per  capita  consumption  of  water  in  different  cities 
varies  greatly.  This  variation  is  due  to  several  causes,  prin- 
cipal among  which  is  the  percentage  of  water  that  is  metered 
to  consumers.  Those  cities  showing  the  largest  percentage 
of  metered  service  generally  show  the  smallest  per  capita 
consumption  of  water,  while  those  cities  showing  a  small 
percentage  of  meter  service,  and  in  some  cases  none  at  all, 
usually  show  the  largest  per  capita  consumption  of  water. 

Local  conditions,  and  the  nature  of  the  manufacturing 
V  industries  of  a  city,  control  to  a  large  degree  the  volume  of 
trade  wastes  to  be  removed  by  the  sewerage  system. 

Ground  Water.  Another  factor  that  must  be  taken  into 
account  in  estimating  the  capacity  of  a  sewerage  system 
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TABLE  1 
Water  Ccnsunnition  in  Various  Cities. 


Consump- 

taonper 

Percent- 

ClTT 

Yeab 

Popula- 

Capita 

age  of 

tion 

(Galls. 
DaUy) 

Metend 
Service 

Philadelphia,  Pa 

1905 

1,438,000 

227 

1 

St.  Louis,  Mo 

1908 

685,000 

101 

7 

Minneapolis,  Minn  .  . 

1907 

300,000 

59 

71 

Cincinnati,  Ohio 

1905 

340,400 

130 

12 

MUwaukee,  Wis. 

1907 

360,000 

93 

96 

Pittsburgh,  Pa 

1907 

296,000 

230 

Detroit,  Mich 

1906 

377,500 

160 

9 

Newark,  N.  J 

1904 

290,000 

105 

42 

Chicago,  HI 

1904 

1,962,000 

203 

2 

Toronto,  Ont 

1907 

287,000 

118 

Kansas  City,  Mo. . .  . 
Watcrtown,  N.Y.... 

1905 

260,000 

73 

46 

1908 

27,000 

157 

Laurence,  Mass 

1907 

78.000 

45 

89 

Springfield,  Mass. . .  . 

1907 

83,000 

120 

51 

Wilmington,  Del 

1908 

90,000 

98 

28 

Fall  River,  Mass.... . 

1905 

106,600 

41 

97 

LoweU,Mass 

1907 

96,300 

57 

74 

Rochester,  N.Y 

1905 

181,700 

86 

41 

St.  Paul,  Minn 

1905 

178,000 

56 

38 

Worcester,  Mass 

1905 

128,100 

75 

95 

Hartford,  Conn 

1908 

116,000 

61 

98 

Providence,  R.  I 

1907 

225,700 

72 

88 

Indianapolis,  Ind 

1905 

196,000 

82 

10 

LouisviUe,Ky 

1905 

226,500 

81 

8 

Denver,  CkA 

1908 

200,000 

218 

Boston,  Mass 

1907 

612,600 

167 

5 

Washington,  D.C.... 
Cleveland,  Ohio 

1908 

339,400 

192 

15 

1907 

501,000 

117 

89 

BuflFalo,  N.  Y 

1905 

401,000 

324 

3 

New  York,  N.Y 

1909 

4,629,310 

116 

is  the  amount  of  ground  water  which  the  system  will  be 
called  upon  to  dispose  of.  Ground  water  is  the  water  that 
finds  its  way  into  the  sewer  through  leaky  walls,  Joints,  etc. 
The  amount  of  this  water  will  depend  upon  the  quality  of 
the  work  done  in  building  the  sewer.  If  a  sewer  could  be 
built  perfectly  water-tight,  there  would  be  no  ground  water 
to  dispose  of;  but  as  it  is  hardly  possible,  and  is  not  de- 
sirable, to  have  a  sewer  absolutely  water-tight,  particularly 
in  localities  where  the  land  is  flat,  there  will  always  be 
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more  or  less  ground  water  to  be  removed.  The  amount 
will  depend  upon:  (a)  the  character  of  the  workmanship 
done  in  the  building  of  the  sewer;  and  (b)  the  diameter 
and  length  of  the  sewer.  When  a  reasonable  eftort  is  made 
to  build  a  system  of  sewers  water-tight,  the  amount  of  ground 
water  that  finds  its  way  into  the  laterals  through  leakage 
is  variously  estimated  at  from  10,000  to  50,000  gallons  per 
mile  per  day;  while  in  trunk  sewers,  being  larger,  the  quan- 
tity may  oe  taken  at  100,000  gallons  (and  even  more)  per 
mile  per  day.  Of  course  there  are  certain  seasons  of  the 
year  when  this  amount  may  be  doubled,  or  even  quadrupled, 
for  short  periods  of  time. 

Storm  Flow.  The  volume  of  water  due  to  heavy  rain- 
storms is  probably  one  of  the  most  important  factors  to  be 
considered  In  the  designing  of  a  system  of  sewers,  since  the 
water  due  to  this  source  usually  appears  in  very  large  quan- 
tities within  comparatively  short  periods  of  time,  and,  as  a 
consequence,  the  capacity  of  the  sewer  is  taxed  to  the  ut- 
most. Should  this  capacity  be  too  small,  the  result  will  be  a 
flooding  of  basements,  and  general  inconvenience,  besides  lia- 
bility of  endangering  the  health  of  the  community. 

These  remarks  apply  more  especially  to  a  combined  sew- 
erage system,  which,  as  has  already  been  explained,  must 
remove  both  the  house  drainage,  and  the  water  from  the 
streets. 

The  volume  of  water  directly  due  to  storm  flow  depends 
largely  upon  the  character  of  the  street  pavement,  and  the 
rapidity  with  which  the  water  from  the  streets  reaches  the 
sewers.  If  the  streets  are  well  paved  with  a  material  which 
is  generally  impervious  to  water  and  which  throws  off  within 
a  short  time  practically  all  the  water  that  falls  upon  It,  the 
volume  of  water  reaching  the  sewers  during  a  heavy  storm 
is  apt  to  test  their  ability  to  the  utmost  to  remove  and  dis- 
pose of  it.  The  nature  of  the  climate,  and  the  rapidity  with 
which  the  rain  sometimes  falls,  are  further  factors  to  be 
taken  into  consideration.  Also  the  character  of  the  area 
to  be  drained.  If  this  area  is  compact,  tending  to  bring  the 
maximum  rates  of  discharge  from  all  portions  into  the  sewer 
at  practically  the  same  time,  it  will  be  necessary  to  figure 
carefully  on  this  phase  of  the  problem.  Another  feature 
that  affects  to  a  large  extent  the  volume  of  storm  water 
to  be  carried  away,  is  whether  or  not  the  area  to  be  drained 
is  covered  by  buildings  and  pavements,  for  the  reason  that, 
if  such  is  the  case,  practically  all  the  rain  water  falling 
upon  such  area  will  find  its  way  to  the  sewer. 
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Various  formulae  are  in  use  for  calculating  the  volume 
of  water  directly  due  to  storm  flow;  but  there  are  seYenl 
important  elements  omitted  in  some  of  these  formulae,  which 
are  therefore  not  considered.  These  are  the  shape  of  the 
area  tp  be  drained,  the  general  arrangement  of  the  sewen 
composing  the  system,  and  the  lengths  of  time  required  fs\i 
the  various  flows  to  reaQh  the  different  gratings  or  inlets 
to  the  sewerage  system.  There  are,  however,  some  formulae 
that  take  these  elements  into  account.  The  formula  most 
generally  used  is  known  as  Mc Math's  formula  for  deter- 
mining the  maximum  amount  of  rain  water  to  be  remoTsd 
by  a  sewerage  system.    This  formula  is  as  follows: 

q=crVsa*' 

in  which: 

Q=Quantlty,'  in  cubic  feet 

C=Proportion  of  rainfall  that  will  eventually  reach  the 
sewers  after  deducting  losses  by  evaporation,  absorption,  and 
retention. 

Ri=Number  of  cu.  ft.  of  water  per  second  falling  upon  an 
acre  of  surface.    Equivalent  to  inches  per  hour. 

S=:Mean  surface  grade,  feet  per  thousand. 

ArzArea,  in  acres. 

The  value  of  C  is  taken  at  0.9  for  all  areas  covered  by 
roofs  and  pavements  which  are  ^practically  impervious  to 
water.  For  uncovered  or  naked  areas  composed  of  sandy  or 
gravelly  soil,  C=0.1 ;  and  where  the  soil  is  of  a  clayey  nature, 
or  but  slightly  penetrable  by  water,  C=0.2. 

As  a  rule  the  area  for  which  a  sewerage  system  is  U> 
be  designed  is  partly  covered  and  partly  uncovered;  and. 
with  a  proper  application  of  these  two  factors,  the  coefficient 
for  the  total  area  can  be  ascertained.  ' 

Trautuine  gives  the  following  formula  for  calculating  the 
rate  at  which  rain  water  reaches  sewers,  culverts,  conduits, 
etc. 


'Ave.OT.ftof    ]      4  lave,  dope  of  ground 
nunfafl  ^ »c.  I  ^^/  fe  f t  per  1,000  ft 


Cu.  ft  per  1  f A  ooefB-     1 

eec.,  per      I  Icientao-     (y 

acre,  reach- [  |  cording  to  f 

ing  sewer   J  [judgment  J 

The  coefficient  for  paved  streets  is  given  as  0.76;  for  ordi- 
nary cases,  0.626;  for  suburbs  with  gardens,  lawns,  and 
macadamized  streets,  0.31.  Note  *that  1  in.  of  rainfall  per 
hour  may  be  taken  as  equivalent  to  1  co.  ft  per  second  per 
acre. 
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Examp  I  e — ^Assume : 
Area  to  be  drained=2,000  acres  (about  o  sq.  miles). 
Average  6lope=5  ft.  per  1,000  ft. 
Maximum  rainfall=2.5  in.  per  bour. 

Coefllcieiit=0.625. 

According  to  tbe  above  formula,  the  rate  at  which  the 
rain  water  would  reach  the  mouth  of  a  sewer  at  the  lower 
end  of  the  2,000  acres  would  be: 

0.625  X 2.5 X^aS=0.625X 2.5 X.226=.36  cu.  ft    per  second  per 
acre. 
Therefore  the  total  volume  would  be: 

.35X2,000^=700  cu.  ft  per  second. 
To  ascertain  the  required  area  of  a  sewer,  when  the  total 
volume  of  water  to  be  discharged  per  second  is  known,  pro- 
ceed as  follows:  * . 
W 
A=— 
V 
Where  W=:No.  of  cu.  ft  discharged  per  second. 
YsVeloclty  of  water,  in  ft.  per  second. 
A=Area  of  sewer,  in  sq.  ft 
In  the  case  under  discussion  the  total  volume  of  water 
discharged  per  second  was  found  to  be  700  cu.  ft    Assume 
velocity  to  be  6  ft  per  second,  which  practice  has  demon- 
strated to  be  as  high  a  velocity  as  can  be  allowed  with 
safety.    Then  > 
700 

A= =140  sq.  ft 

6 
As  the  area  of  a  sewer  13.5  feet  in  diameter  is  143  sq.  ft,  this 
would  allow  a  margin  of  3  sq.  ft 

Old  sewers  built  on  irregular  grades  often  have  short  sec- 
tions where  the  computed  capacity  is  less  than  for  sections 
above.  Within  certain  limits,  sewers  will  act  under  pressure 
at  such  places;  and  the  carrying  capacity  of  the  sewer  as  a 
whole  will  be  represented  by  the  average  capacity  of  a 
section  of  some  length. 

From  the  foregoing  it  is  to  be  seen  that,  the  capacity  of 
a  separate  sewerage  system  may  be  calculated  largely  from 
the  daily  per  capita  water  consumption;  but  in  the  case 
of  a  combined  system,  the  volume  of  storm  water  must  also 
be  carefully  considered.  In  fact,  the  capacity  of  the  com- 
bined system  should  be  gauged  by  the  maximum  amount  of 
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storm  water  it  will  be  called  upon  to  remove  within  a  givea 
time.  In  many  instances  the  final  outlet  of  the  system,  ui- 
less  correctly  planned,  may  greatly  lessen  its  capacity  to 
remove  the  quantity  of  sewage  it  is  designed  for.  This  is 
owing  to  the  danger  of  the  outlet  becoming  submerged  wholly 
or  in  part,  during  a  rainy  period.  Especially  is  this  the 
case  when  the  final  dischage  is  into  a  stream  that  has  a 
high  flood  level  relative  to  the  district  or  area  to  be  served 
by  the  sewer. 

When  the  sewer  outlet  is  thus  submerged  frequently,  or 
is  allowed  to  remain  submerged  for  any  length  of  time,  the 
main  sewer  will  become  filled  with  deposits,  a  condition 
which  should  be  -guarded  against  as  closely  as  possibla 
Where  the  probabilities  are  that  the  outlet  will  be  frequently 
submerged,  a  pumping  station  should  be  installed  for  the  pur- 
pose of  elevating  the  sewage  above  the  flood  level,  the  out- 
let, itself  being  closed  by  gates  while  the  pumps  are  work- 
ing. These  pumps  should  have  a  working  capacity  of  at 
least  25  per  cent  more  than  the  maximum  flow  of  sewage, 
in  order  that  they  may  be  able  to  handle  all  the  sewage 
during  the  time  that  the  gates  are  closed. 

TABLE  2 
Approximate  Weights,  Dimensions,  etc,  of  Vitrified  Sewer  PIpo. 

"STANDARD"  PIPE. 


Wcaght 

Depth  of 

Annultf 

Cah^re 

Thickness 

per  Foot 

Socket 

Space 

3  inch 

4  " 

J^inch 

7  lbs. 
9  " 

iHinch 

^- 

ch 

6   " 

RZ      « 

12  " 

IH   " 

?1  • 

6   " 

K^      fl 

16  " 

1J<    " 

H  ' 

8   " 

%  " 

23  " 

2       " 

?«  • 

9   " 

^" 

28  " 

2       " 

»«  • 

10   " 

35  " 

2H    " 

?«  ' 

12   " 

1             " 

45  " 

2K    " 
2H    " 

H  ; 

15   " 

IH   " 

60  " 

18   " 

85  " 

2H    " 

hi  * 

20   " 

100  " 

3       " 

)'i   * 

21    " 

VA  " 

120  " 

3       " 

yi  ' 

22    " 

iH  " 

130  " 

3       " 

n- 

24    " 

IH  " 

150  " 

3Ji    " 

27   " 

2       " 

224  " 

4       " 

H  ' 

30   " 

2H   " 

252  " 

4       " 

*i  ' 

33    " 

2H    " 
2H   " 

310  " 

5       " 

IH  * 

36    " 

350  " 

5       " 

m  * 

1 
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• 

Wdght 

Depth  of 

/ipnXiWT 

Catibre 

Thickneas 

per  Foot 

Socket 

Space 

15  inch 

I^  inch 

75  lbs. 

2Hinch 

J^inch 

18    " 

IVi   " 

118  " 

2H    " 

iz   It 

20    " 

1%    " 

138  " 

3       " 

\^   " 

21    " 

IV 

148  " 

3       " 

v^    « 

22    " 

157  " 

3       " 

ly    « 

24    " 

2       " 

190  " 

3>i    " 

ry    i< 

27   " 

2Ji   " 

265  " 

4       " 

Ji   " 

30   " 

2H    " 

290  " 

4       " 

1^    ** 

33   " 

25^    " 

335  " 

6       " 

iS    •' 

36    " 

2J<    " 

375  " 

5       " 

ij2  " 

PIPE  WITH  DEEP  AND  WIDE  SOCKETS. 
"Standard." 


Weight 

Depth  of 

Annular 

Calibre 

ThickncBB 

per  Foot 

Socket 

SpaJ» 

4  inch 

J^inch 

10  lbs. 

2     inch 

^inch 

6    " 

J^    " 

12  " 

2Ji    " 

5^  " 

6    " 

J^    " 

16  " 

2J^    " 

S/^    '^ 

8   " 

M  " 

25  " 

2Ji    " 

10   " 

Vk  " 

37  " 

2%    " 

12    " 

45  " 

3       " 

H    " 

16    " 

IH  " 

70  " 

3       " 

KV      CI 

18." 
20    " 

Jg  " 

90  " 
115  " 

3H   "' 

21    " 

1^  " 

130  " 

3j|    " 

6^     « 

22    " 

145  " 

fi/^     ** 

24    " 

^%  " 

150  " 

4       " 

IX      M 

"Double  Strength." 


Calibre 


15  inch 
18    " 

20  " 

21  " 

22  " 
24    " 


Thickness 


\\i  inch 
2       " 


Weight 
per  Foot 


751b6. 
118  " 
138  " 
148  " 
157  " 
190  " 


Depth  of 
Socket 


3  inch 
3>i    " 
3H    " 
3J^   " 
35i    " 

4  " 


Annular 
Space 


i  inch 
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MATERIALS  FOR   SEWER   CONSTRUCTION 

The  most  common  material  used,  up  to  the  present  time 
for  sewers  of  24-in.  diameter  and  mider,  is  vitrifled  tile.  In 
some  Instances,  it  is  used  in  sewers  of  36-in.  diameter. 

The  accompanying  table  (2)  gives  the  approximate 
weights,  dimensions,  and  other  details  in  connection  with 
''standard"  and  also  "double-strength"  sewer  pipe,  from  3  in. 
up  to  36  in.  in  diameter. 

BRICK   SEWERS 

Brick  sewers  on  slopes  that  produce  greater  TelodtleB 
than  7  to  8  ft.  per  second  wear  rapidly  on  the  bottom.  A 
slope  of  more  than  6  ft  per  1,000  ft  will  produce  such 
velocities  in  sewers  of  48-in.  diameter;  and  a  slope  of  4  ft 
in  1,000  ft  will  produce  the  above  named  velocities  in  72-in. 
sewers.  ^ 

The  materials  required  for  the  construction  of  brick 
sewers  can  be  determined  by  use  of  Tables  3  and  4  for  cir- 
cular sewers,  and  Table  5  for  egg^haped  sewers. 

The  cost  of  brickwork  laid  in  sewers  ranges  from  $10  to 
$16  per  cubic  yard. 

Table  7,  compiled  by  G.  H.  Brown  and  published  in 
"Municipal  Engineering."  shows  the  number  of  brick  required 
for  circular  sewers  with  different  thicknesses  of  Jointa. 

TABLE  3 

Materials  Required  for  Circular  Sewers  One  Foot  in  Length 

and   Four  Inches  or  One  Ring  Thick 

(Brick  8^x4x2^  Inches) 


IMamtltrof  Sewtr.feet 

I 

2H 

a 

m 

4 

S 

^S&^JS^u^{^ 

3 

s 

1 

n 
u 

m 

s 

r 

TABLE  4 

Materials  Required  for  Circular  Sewers  One  Foot  In  Length 

and  Eight  Inches  or  Two  Rings  Thick 

(Brick   8^x4x2^) 


DlMieter  of.  Sewer.  fMt 

2 

r. 

t 

1 

1 

f 

S 

1 

c 

M 

t 

3 

11 

Nnttbui*  of  Brifiks. 

M 

3 

i^la3SfB.Tu»/r!:i 
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TABLE  5 

Materials    Required    for    Egg-Shaped    Sewers    One    Foot    In 
Length  and  Eight  Inches  or  Two  Rings  Thicic 

(Brick  8^x4x2^   Inches) 


1«mM*  TllmMi«lMia    fMit 

IW 

H 

1 
1 

% 
46 

IS 

60 

«« 

2 

1 

6« 

411 

I 

Vnmhtr  of  Briekl 

1 

m 

Buid*  <rf  CMBJIltiiMOO  UiH«f^t.... 

Bamlsof  SandnvlOOlliiMrfMl 

8 

Table  6  gives  least  velocities  and  grades  for  drain  pipes 
and  sewers  in  cities,  in  order  that  they  may  under  ordinary 
drcumstances  keep  themselves  clean,  or  free  from  deposits. 


TABLE  6 

Velocities  and  Grades  in  Sewage  Drainage 

(Wiclcsteed) 

Diameter 

Velocity  in 

Grade 

Grade— Feet 

in  Inches 

Feet  per  Minute 

lin. 

per  mile 

4 

240 

36 

146.7 

6 

220 

65 

81.2 

7 

220 

76 

69.5 

8 

220 

87 

60.7 

9 

220 

98 

53.9 

10 

210 

119 

44.4 

11 

200 

145 

36.7 

12 

190 

175 

30.2 

15 

180 

244 

21.6 

18 

180 

294 

18.0 

21 

180 

343 

15.4 

24 

180 

392 

13.5 

30 

180 

490 

10.8 

36 

180 

588 

9.0 

42 

180 

686 

7.7 

48 

180 

784 

6.8 

54 

180 

882 

6.0 

60 

180 

980 

5.4 

Flu8h-Tanl<8.    Table  9  gives  the  number  of  common-sized 
bricks  required  for  the  construction  of  flush-tanks  of.  various 
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TABLE  7 

Number  of  Brick  in  Circular  Sewers 

(Size  of  brick,  2^x4x8^  inches.    Joints  ^  inch,  except  be- 
tween rings  %  inch) 

Inside  Diameter 

(Inches)  1  Ring  2  Rings  3  Rtsgs 


24 

37.6 

89.0 

155.0 

30 

47.0 

108.0 

183.0 

86 

56.4 

126.9 

2U.4 

42 

65.8 

145.8 

239.8 

48 

75.0 

164.0 

267.0 

54 

84.6 

183.1 

296.1 

60 

94.0 

202.0 

324.0 

66 

103.0 

220.5 

351.5 

72 

112.8 

240.0 

380.0 

78 

122.0 

258.0 

408.0 

84 

131.6 

276.6 

436.6 

90 

141.0 

296.0 

465.0 

96 

150.0 

312.0 

490.0 

(Size  of  brick  2^x4x8^  inches.     Joints  %  inch,  except  be- 
tween rings  %  inch) 

Inside  Diameter 

'  (Inches)  1  Ring  2  Rings  3  Rings 


24 

35.4 

84.0 

146.0 

30 

44.2 

101.7 

172.7 

36 

53.1 

119.4 

199.0 

42 

62.0 

137.2 

225.7 

48 

70.8 

154.8 

252.3 

54 

79.7 

172.7 

278.7 

60 

88.5 

190.5 

305.5 

66 

97.5 

208.5 

332.5 

72 

106.0 

226.0 

359.0 

78 

115.0 

244.0 

386.0 

84 

124.0 

261.0 

411.0 

90 

133.0 

279.0 

438.0 

96 

141.5 

296.5 

464.5 

Table  8,  gives  quantities  of  cement,  sand,  and  of  cement 
mortar  for  sewer-pipe  joints,  for  each  100  ft.  of  sewer,  (Port- 
land cement.  375  lbs.  net  per  bbl.). 
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TABLE  8 

Cement,  Sand,  and  Cement  Mortar  for  Sewer  Pipe  Joints 

Prepared  by  J.  N.  Hazlehurst,  C.  E. 


Length. 
Feet 

Mortar. 
Cubio 
Yarda 

PROPORTIONS:    1  CEMENT  TO 

Siaeof 
Pipe, 
Inch 

ISand 

2  Sand 

Ce- 
ment, 
Barrels 

Sand, 
Cubio 
Yards 

No.  Ft. 
toBbl. 
Cement 

Ce- 
ment 
Barrels 

Sand, 
Cubio 
Yards 

No.  Ft. 
toBbl. 
Cement 

6 

2H 

0.003 

0.01248 

0.00201 

803 

0.00655 

0.00252 

1168 

8 

2H 

0.038 

0.15806 

0.02546 

633 

0.10830 

0.03192 

923 

10 

2H 

0.068 

0.24128 

0.03886 

410 

0.16530 

0.04872 

606 

12 

2H 

0.089 

0.37024 

0.05963 

270 

0.25365 

0.07476 

394 

IS 

2H 

0.123 

0.51268 

0.08241 

195 

0.35055 

0.10332 

285 

18 

2H 

0.167 

0.69472 

0.11189 

144 

0.47595 

0.14018 

210 

20 

2H 

0.237 

0.98592 

0.15879 

101 

0.67545 

0.19908 

148 

24 

2H 

0.290 

1.24384 

0.20033 

80 

0.85215 

0.25116 

117 

27 

3 

0.492 

2.04672 

0.32964 

49 

1.40220 

0.41328 

71 

30 

3 

0.548 

2.27968 

0.36716 

44 

1.56180 

0.46032 

64 

86 

3 

0.849 

3.53184 

0.56883 

29 

2.41965 

0.71316 

41 

TABLE  9 

Number  of  Bricks  In  Flush-Tanks 

(12-Inch  Walls— Brick  8^x4x2^  Inches) 


IXIUDB  DXAMXTBR 

(Feet) 

Der 

ra,  IN  Fbxt 

5 

6 

7 

8 

9 

4 
5 
6 

1.124 
1,417 
1,820 

1,344 
1.680 
2,440 

1.560 
1,940 
3.060 

1.780 
2.200 
3,680 

2.000 
2.460 
4,300 

Manholes.     Table  10  gives  the  number  of  common-sized 
bricks  required  in  manholes  construction. 

TABLE  10 
Number  of  Bricks  in  Manholes 


IxSEin  DlAXBXBB 

(Feet) 

1 

JlIOHT, 

tNFam 

? 

4 

6 

6 

7 

10 

12 

15 

20 

8H 
4« 

677 
740 
830 

835 

880 

1.040 

980 
1,030 
1,190 

1.125 
1.180 
1,370 

1.555 
1.625 
1,910 

1,845 
1.948 
2.270 

2,279 
2,410 
2,826 

8.007 
3.180 
3,730 

1 
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FARM  DRAINAGE 

A  system  of  farm  drainage  may  be  laid  out  by  placing  a 
main  ditch  as  near  the  center  line  of  ^e  field  as  possible,  and 
then  having  side  drains  enter  this  from  various  dlrectiona. 
These  side  drains  should  reach  out  to  all  portions  of  the  field 
that  need  drainage  service. 

TABLE  11 
Acres  Drained  by  Different-Sired  Drain-Tile 
(Tile  laid  at  different  grades — Grade  indicated  in  ft  per 
100  ft.) 


CKAOt 

SIZE  OF  TILt 

Jflorr. 

4*' 

5" 

6" 

7^ 

8'^ 

W* 

U** 

U" 

IS*' 

\^ 

W 

39* 

34*' 

3»* 

.05 

13 

23 

36 

». 

91 

1^ 

201 

299 

290 

418 

961 

730 

11S2 

3812 

.06 

14 

25 

39 

58* 

Bl 

141 

223 

327 

356 

454 

«U 

S0O 

1261 

2I>I 

.07 

IS 

27 

43 

63 

87 

153 

941 

.35* 

421 

4d4 

«t 

8S4 

1363 

vm 

.06 

16 

29 

46 

67 

94 

163 

258 

378 

450 

S» 

693 

823 

1457 

2SIS 

.10 

18 

32 

51 

75 

105 

182 

288 

423 

503 

591 

710 

1032 

1629 

»CS 

.12 

20 

36 

56 

81 

114 

199 

315 

463 

551 

647 

689 

1110 

17S3 

31M 

.15 

23 

40 

62 

92 

129 

223 

353 

518 

616 

724 

971 

1364 

1995 

348S 

.20 

26 

46 

72 

106 

148 

258 

408 

S98 

712 

836 

1122 

14fiO 

2304 

4AM 

.30 

31 

55 

88 

130 

182 

315 

499 

733 

871 

1025 

1373 

1787 

2821 

4933 

.50 

41 

72 

114 

167 

234 

408 

644 

947 

1125 

1324 

17.5 

2306 

3843 

6364 

1.00 

57 

104 

161 

234 

330 

576 

910 

1336 

1594 

1870 

2510 

3386 

5158 

9O0O 

l.SO 

72 

125 

195 

290 

405 

70S 

ml 

less 

1950 

2270 

3070 

4A» 

oos 

11015 

2.00 

82 

144 

228 

334 

468 

816 

1090 

1894 

22i0 

3648 

^550 

4616 

7285 

l»» 

Approximate  figures,  based  on  36  in.  annual  rainfall 
Another  system  often  used  consists  in  locating  the  various 
branch  lines  parallel  with  each  other,  and  filially  converging 
near  the  outlet,  gridiron  fashion.  Soil  water  enters  the  tile, 
both  between  the  abutting  joints,  and  through  the  porous 
walls.  It  is  neither  necessary,  nor  desirable  to  leave  a  space 
between  the  ends  of  the  tiles  that  water  may  enter,  as  such 
space  gives  free  passage  for  roots,  sediment,  etc..  to  enter 
and  clog  up  the  tile. 

Cost  of  Tile  Drainage 

Drainage  outlets  constructed  for  a  farm  or  a  district  cost 
various  sums  per  acre  of  land,  depending  upon  the  nature  of 
the  outlet  and  of  the  area  in  the  district  benefited.  The  price 
for  excavating  a  large  ditch  varies  from  8  to  14  cents  per  co. 
yd.  This  may  make  the  cost  per  acre  as  low  as  %1  or.  in  ex- 
ceptional cases,  $15  or  more.  Not  many  outlets,  however, 
cost  over  |4  for  every  acre  of  land  drained.  Of  course,  if 
an  adequate  outlet  is  already  present,  this  part  of  the  expense 
is  eliminated. 

The  cost  of  tile  drainage  is  infiuenced  by  the  price  of  tile, 
the  transportation  expenses  from  the  factory  to  the  farm,  the 
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coat  of  digging  the  ditch,  laying  and  priming  the  tile,  and 
filling  the  ditch.  The  price  of  tile  varies  with  the  section 
In  which  it  is  manufactured.  In  Ohio^  Indiana,  Illinois,  and 
Iowa,  where  most  of  it  is  made  and  where  the  competition  is 
strongest,  the  price  is  the  lowest.  In  the  East,  where  the 
manufacturers  sell  just  low  enough  to  compete  with  the  de- 
livered price  in  the  Middle  West,  the  cost  is  higher.  Southern 
prices  are  practically  the  same  as  in  the  East;  while  in  the 
far  West,  tile  are  higher  than  in  any  other  part  of  the 
country.  Most  factories  sell  tile  by  the  thousand  feet.  In 
the  Middle  west,  the  following  prices  of  the  various  sizes 
prevail: 

Size  Price  per  1,000  Feet 

4-inch  $13  to  $16 

5-lnch  18  "  23 

6-inch  24  "  34 

.     7-inch  34  "  48 

8-inch  48  "  60 

10-inch  60  "  110 

12-inch  90  "  150 

Prices  in  the  East  and  South  are  about  50  per  cent  in  ex- 
cess of  these,  while  In  the  far  West  they  are  about  70  per 
cent  higher. 

The  expense  of  transportation  is  determined  by  the  dis- 
tance tile  are  shipped,  and  the  cost  of  hauling  them  from 
the  station  to  the  farm. 

I>igging  the  ditch  and  laying  and  priming  the  tile,  are 
usually  figured  as  one  operation.  This  is  done  either  at  so 
much  per  rod,  or  by  the  day,  the  former  being  the  more  com- 
mon practice.  The  price  of  the  work  and  the  amount  ac- 
complished per  day  are  affected  by  the  size  and  depth  of  the 
tile,  the  character  of  the  soil,  and  the  skill  of  the  workmen. 
The  work  is  cheapest  in  the  Middle  West,  while  higher  rates 
prevail  in  the  East  and  South.  A  skilled  workman-— one  who 
digs  rapidly  and  is  capable  of  making  the  bottom — gen- 
erally earns  from  $2  to  $3.50  a  day.  Unskilled  laborers  may 
be  secured  for  $1  to  $1.50  a  day.  On  ordinary  soils  in  the 
Middle  West,  the  average  capacity  of  a  good  workman  with  a 
3-ft.  ditch,  and  not  over  5-in.  tile,  is  10  rods  a  day.  In  the 
East  and  South,  sometimes,  on  account  of  the  character  of 
the  soil,  the  capacity  of  a  man  is  from  4  to  8  rods,  with  the 
same  depth  and  the  same  size  of  tile.    An  average  price  in 
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the  Middle  West  for  a  3-ft  ditch  !&  from  25  to  30  cents  per 
rod  with  4-  or  5-in  tile,  35  to  40  cents  for  6-in,  and  50  cents 
for  8-in.  For  ditches  deeper  than  3  ft.  the  price  osiuOly  in- 
creases at  the  rate  of  1  cent  per  rod  for  every  additional 
inch  In  depth.  Ordinarily,  however,  the  price  is  figured  on  the 
average  depth  of  the  entire  ditch.  The  ditch  can  be  filled 
with  a  plow  for  3  cents  per  rod,  and  sometimes  for  2  cents. 
When  done  by  hand  or  with  a  scraper,  it  is  much  more  than 
this. 

The  cost  of  drainage  per  acre  will,  in  addition  to  these 
factors,  depend  on  the  tile  required.  If  laterals  are  laid  100 
ft  apart,  it  will  take  436  tile  for  every  acre,  in  additkm  to 
the  tile  needed  for  the  main  and  sub-mains.  If  4-in.  tile  at 
$20  per  thousand,  including  transportation,  are  used,  the  tile 
would  cost  $8.72.  The  cost  of  digging  the  ditch  and  laying 
and  priming  the  tile,  at  30  cents  per  rod,  would  be  $7.93;  and 
the  filling,  at  3  cents  per  rod,  79  cents.  Thus  the  cost  per 
acre,  exclusive  of  the  mains,  sub-mains,  and  outlets,  totals 
$17.44.  With  closer  laterals  or  larger  tile,  of  course,  the  cost 
will  be  greater.  However,  where  land  does  not  require 
thorough  drainage,  the  maximum  benefits  may  be  obtained 
with  an  expenditure  of  $7  or  |8  per  acre.  The  cost  of  drain- 
age is  therefore  a  problem  in  itself,  and  must  be  determined 
for  the  locality  in  which  it  is  done. 
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Miscellaneous    Information 
and  Tables 

WAGE   TABLES 

Table  1  (p.  766)  shows  a  method  of  calculating  wages  wlth- 
ont  using  the  ordinary  method  of  multiplication.  The  table 
will  read  directly  for  certain  numbers  of  hours  and  rates  of 
wage;  but  almost  any  combination  of  hours  and  rate^  of 
pay  may  be  obtained  from  the  table  by  simple  addition. 
Thus  the  table  may  be  used  as  a  means  of  determiiAng 
amounts  first-hand,  or  may  be  used  to  check  calculations 
made  by  multiplication.  Several  examples  will  be  given  to 
show   the  method   of  using   the   table. 

If,  for  example,  it  is  desired  to  find  the  amount  due  tor 
6  days  work  of  8  hours  per  day  at  60  cents  per  hour,  the 
48-hour  column  will  show  $24.00  if  the  50-cent  line  is  read 
across  the  table. 

What  would  be  the  amount  due  for  8  hours  work  at 
37%  cents  per  hour? 

Finding  the  8-hour  column  at  the  top  of  the  table,  rafer 
to  the  left-hand  column  under  20,  17,  and  %.  Tracing  these 
lines  across  to  the  8-hour  column,  it  is  seen  that  the  amounts 
to  be  added  together  are  $1.60,  $1.36,  and  .04,  making  a 
total  of  $3.00. 

If  it  Is  desired  to  find  the  amount  due  for  62%  hours 
at  62%  cents,  the  method  to  be  followed  would  be  to  divide 
the  62%  hours  into  60,  2  and  %.  Also  divide  the  62%  Into 
60,  12,  and  %.  Place  a  rule,  blotter,  piece  of  paper,  or 
anything  with  a  straight  edge,  on  the  60  cents  per  hour  Une 
at  the  left,  and,  reading  across  the  table,  set  down  on  a 
piece  of  paper  the  values  under  60  hrs.  ($26.00),  2  hrs. 
(11.00),  and  %  hr.  (.25);  then,  placing  the  rule  on  the  12 
cents  per  hour  line,  read  the  values  under  60  hrs.  |6.00,  2 
hrs.  (.24),  and  %  hr.  (.06);  next  read  the  same  values  along 
the  %  cent  per  hour  line— 60  hrs.  (.26),  2  hrs.  (.01),  and 
%  hr.  (.00).  Adding  these  different  amounts,  the  result  is 
132.81. 

Rate  of  Wages  per  Hour  In  Different  Building  Tradea 
Table  2,  compiled  by  E.  M.  Craig,  Secretary  of  the  Build- 
ers' Association,  Chicago,  111.,  shows  the  rates  of  wagea,  per 
hour,  being  paid    (July  1,  1913)   in  the  building  trades  la 
various  cities  of  the  United  States  and  Canada. 
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'  COST  OF  HOUSES  767  ' 

APPROXIMATE  COST  OP  HOUSES 

An  ordinary  house,  26  by  40  ft.  on  th^  ground,  and  30  ft 
from  the  bottom  of  tlie  cellar  floor  to  the  top  of  the  roof, 
would  contain  1,040  sq.  ft.  or  31,200  cu.  ft.  An  architect, 
figuring  roughly  on  such  a  house,  would  place  the  cost  at 
about  13.00  a  sq.  ft  or  10  cents  a  cu.  ft  The  house  In 
either  case  would  figure  out  about  $3,120.  This,  of  course. 
Is  based  upon  plain  inside  work,  without  any  fancy  equip- 
ment It  would  include  sufficient  windows  and  doors  to 
make  the  house  light  and  comfortable.  The  rooms  would 
be  of  the  ordinary  standard  size  for  such  a  cottage,  and 
the  whole  work  fully  up  to  grade.  It  would  represent  the 
ordinary  good  house,  such  as  we  find  constructed  in  great 
numbers  in  different  parts  of  the  country. 

The  price  of  lumber  and  labor  in  some  localities  might 
make  It  possible  to  bring  this  price  down.  It  is  possible 
to  build  such  a  house,  with  two  stories  plastered  and  the 
third  story  or  attic  left  unfinished,  at  a  cost  of  9  and  pos- 
sibly 8  cents  a  cil  ft;  but  to  secure  this,  some  of  the  com- 
forts and  conveniences  of  the  ordinary  house  would  have  to 
be  omitted.  There  could  be  a  saving  made  In  the  quality 
of  the  lumber,  shingles,  hardware,  and  plaster;  but  It  would 
hardly  be  w)se  to  adopt  such  a  course  unless  the  inferior 
material  used  was  plainly  stated  to  the  owner  in  advance. 
Frequently  owners  who  know  nothing  about  the  quality  of 
building  materials  are  deceived  by  architects  and  builders 
who  dishonestly  say  that  the  cheaper  house  is  "just  as 
good."  It  is  wiser  to  be  frank  with  the  owner,  and  ex- 
plain patiently  the  difTerence  In  the  work.  In  the  end  the 
reputation  of  the  builder  will  be  safer. 

On  the  other  hand,  to  run  the  price  up  to  12  or  15  cents 
a  cu.  ft.  Is  just  as  easy.  That  means  more  comforts  in 
the  Interior,  more  elaborate  trim,  superior  grade  of  walls 
and  ceilings,  and  better  equipment  generally.  The  tendency 
of  some  to  save  by  decreasing  the  size  of  a  house,  is  a  mis- 
take too  often  made.  Other  things  being  equal,  the  larger 
a  house  is  built,  the  less  it  will  cost  per  cu.  ft.  Large, 
commodious  rooms  are  more  to  be  desired  than  small,  cramp- 
ed ones.  tJnless  more  elaborate  trim  and  equipment  are 
placed  in  the  larger  house,  its  cost  should  show  a  relative 
decline  per  cu.  ft.  over  the  small  structure.  With  no  more 
angles,  bay  windows,  doors,  and  roof  hips  to  build,  the  cubic 
foot  cost  is  increased  only  so  far  as  actual  plain  work  la 

{ConHfmed  on  page  TTJf^ 
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concerned.  Figuring  on  a  house  of  the  above  size,  and  of 
another  40  by  50,  with  the  same  interior  trim  and  equip- 
ment, should  demonstrate  to  an  owner  that  a  commodious 
house  is  the  better  investment  where  land  is  ample  and  un- 
restricted. 

Porches,  piazzas,  and  elaborate  plumbing  and  heating  sys- 
tems are  the  luxuries  which  most  houseowners  stumble  upon, 
and  they  Invariably  blame  the  builder  in  the  end  for  what 
they  consider  exorbitant  cost.  Estimates  of  different  kinds 
of  plumbing  and  heating  should  therefore  be  made  separately, 
so  that  the  owner  can  get  Just  what  he  contracts  for.  Here, 
too,  honesty  of  representation  is  the  wisest  policy  for  the 
builder  or  architect.  It  is  a  fatal  mistake  to  recommend 
an  Inadequate  heating  plant  for  a  building,  simply  for  fear 
that  a  higher-priced  one  will  frighten  the  owner.  If,  after 
a  free,  dispassionate  presentation  of  the  facts,  the  owner 
wishes  to  adopt  the  cheaper  system,  the  risk  is  his  and  not 
that  of  the  builder  or  designer. 

While  estimates  on  a  simple  small  cottage  may  thus  vary 
from  $3  to  $5  per  sq.  ft,  omitting  porches,  a  brick  house 
can  be  built  for  prices  ranging  from  $5  to  $6  per  sq.  ft 
A  fair  brick  veneer  might  be  constructed  for  $4  per  sq.  ft., 
omitting  porches,  and  finishing  off  only  the  first  and  second 
floors,  with  a  fair  cellar  floor  and  walls.  Bricks  of  the  bet- 
ter class  have  advanced  in  price  so  that  a  house  built  ten 
or  even  five  years  ago  at  a  cost  of  $10,000  would  more 
than  likely  cost  $13,000  today.  The  cubic  contents  of  a  brick 
house  can  be  estimated  at  14  to  22  cents  per  cu.  ft.  These 
figures  represent  the  extremes.  A  house  costing  22  cents 
per  cu.  ft  should  have  rather  elaborate  equipment  and  fin- 
ish, while  one  constructed  at  a  cost  of  only  14  cents  would 
have  to  be  skimped  In  many  ways.  The  quality  of  the  bricks 
used,  and  the  current  wages  of  masons  in  the  partlcnlar 
locality,  are  factors  which  enter  greatly  into  the  question, 
and  must  be  settled  In  each  individual  case. 

Comparative  Cost  of  Stone,  Brick,  and  Wood  Houses 

Combinations  of  brick  and  lumber  naturally  increase  the 
difficulty  of  advance  estimates.  A  house  with,  brick  walls,  but 
a  shingle  roof  and  wooden  bay  windows,  should  cost  a 
little  less  than  a  house  of  bricks  throughout,  but  much  de- 
pends upon  the  number  of  angles  and  curves  in  the  stnic> 
ture.  Where  the  house  is  designed  on  plain  lines  so  that 
the  turning  of  many  comers  is  avoided,  the  cost  can  be  kept 
within  reasonable  limits.    A  brick-veneer  house  is  a  very  sat* 
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isfactory  structure,  and  this  combination  is  being  used  very 
extensively. 

A  stone  house  costs  the  most;  and  it  is  only  by  com- 
bining stone  with  wood  that  economy  can  be  obtained  so 
as  to  bring  the  final  cost  of  the  stone  house  anywhere  near 
that  of  the  brick  one.  One  of  the  factors  in  stone  houses 
is  the  cost  of  handling  the  heavy  blocks.  While  a  brick- 
mason  can  handle  his  bricks  easily  without  machinery,  or  a 
carpenter  can  depend  almost  entirely  upon  hand  power  for 
putting  his  frames  together,  the  workman  with  stone  must 
resort  more  or  less  to  hoists  and  derricks  to  get  his  heav5 
blocks  in  position.  There  is  apparently  no  way  to  overcome 
this  difficulty,  and  stonemasons  cannot  facilitate  their  work 
by  any  device.  The  cost  of  rough  stone,  even  in  the  most 
favorable  locations,  is  in  advance  of  bricks,  and  the  cost 
of  construction  does  not  vary  much  from  year  to  year.  With 
the  combination  of  lumber  with  stone,  however,  some  very 
handsome  houses  have  been  constucted  at  22  to  25  cents  per 
cu.  ft. 

Stucco  work  Is  popular.  This  Is  combined  with  many 
kinds  of  materials.  Stucco  and  shingles  on  a  wooden  frame 
have  proved  very  satisfactory  in  some  towns,  and  at  a  cost 
of  20  cents  per  cu.  ft.  A  stone  house  of  equal  refinement 
and  construction  would  probably  cost  upward  of  30  cents  per 
cu.  ft.  Houses  of  stucco  on  frame,  costing  25  cents  per  cu. 
ft.  are  quite  common,  but  local  conditions  may  increase  or 
decrease  this  cost. 

A  brick  and  plaster  house  is  another  Improved  method 
of  construction  that  gives  very  pleasing  and  durable  efTects. 
With  walls  of  frame,  sheathed  and  veneered  with  brick  and 
stucco,  a  house  can  be  constructed  for  20  cents  per  cu.  ft. 
If  the  lines  are  plain  and  simple  and  no  elaborate  inside  trim 
is  attempted.  A  brick  and  plaster  house  costing  24  cents  per 
cu.  ft.  permits  of  some  t-ather  elaborate  interior  trim  and 
equipment. 

It  will  be  seen  from  the  foregoing  that  the  question  of 
estimating  in  a  rough  way  on  the  relative  cost  of  different 
types  of  houses  is  one  that  depends  upon  local  conditions, 
the  price  of  labor,  and  the  character  of  the  interior  trim,  the 
heating  and  plumbing  systems,  and  other  equipments.  Nev- 
ertheless, with  a  little  care,  a  builder  or  architect  can  give 
his  client  an  estimate  that  will  In  the  end  approximate  quite 
closely  the  actual  cost;  but  to  do  this,  he  must  study  mod- 
em conditions  and  changes  closely  and  carefully. 
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RELATIVE  COSTS  OF  DIFFERENT  TYPES  OF  CONSTRUC- 
TION IN  DIFFERENT  PARTS  OF  THE  COUNTRY 

Assuming  a  certain  type  of  house,  built  at  a  certain  cost, 
and  located  in  a  certain  section  of  the  country,  it  will  be  in- 
teresting as  well  as  helpful  to  the  estimator  on  houses  of 
every  type  built  anywhere,  to  know  just  how  much  another 
bouse  built  from  the  same  plans  would  cost  anywhere  else 
whether  the  same  or  other  types  of  material  were  used.  A 
comparative  statement  of  costs  of  this  nature,  compiled  by 
Mr.  H.  W.  Butterfield,  was  recently  published  in  "House  and 
Garden." 

The  house  selected  as  a  basis  of  comparison  was  an  ordi- 
nary, good,  substantial  house,  including  all  the  conveniences 
and  arrangements  suitable  for  the  average  family  without  any 
special  features  or  elaborate  details,  of  thorough  construc- 
tion, built  of  first-class  materials,  and  complete  with  the  ex- 
ception of  the  lighting  fixtures,  which  will  range  ftom  about 
$60  up  to  any  amount  one  is  willing  to  pay. 

Plans  and  specifications  for  this  house  were  sent  to  archi- 
tects in  difTerent  typical  sections  of  the  country,  with  the  re- 
quest that  they  submit  estimates  of  cost  for  such  a  house  if 
built  in  their  locality  from  various  materials.  Their  replies 
were  carefully  averaged;  and  the  figures,  both  lump  and  per 
cu.  ft.,  are  tabulated  as  follows: 

Cost  of  Typical  House 

New  York  City  (suburban) |4,300.00 

Per  cubic  foot  frame 17  cents 

Per  cubic  foot  brick 21^  cents 

Per  cubic  foot  stone 22%  cents 

Stucco  on  metal  lath 18  cents 

Vicinity  of  Philadelphia,  10  per  cent  to  15  per  cent  less 
than  near  New  York. 

Maine  $3,400.00 

Per  cubic  foot  frame 14  cents 

Per  cubic  foot  brick 17  cents 

Per  cubic  foot  stone 20  cents 

Stucco  on  metal  lath 15  cents 

In  the  Southern  N^w  England  States,  the  cost  would  be 
slightly  in  excess  of  the  above. 

Middle  South  (Kentucky.  Maryland,  etc.)  ...$3,000.00 

Per  cubic  foot  frame 10  to  12  cents 

Per  cubic  foot  brick  12  to  14  cents 

Per  cubic  foot  stone 15  to  20  cents 

Stucco  on  metal  lath 11  to  14  cents 
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Chicago  (vicinity  of)   $3,800.00 

Per  cubic  foot  frame 15  to  16  cents 

Per  cubic  foot  brick 18  cents 

Per  cubic  foot  stone 20  cents 

Stucco  on  metal  lath 16  to  17  cents 

Middle  Western  States  (such  as  Ohio,  Michigan, 

Iowa,  and  Wisconsin)   $2,550.00  to  $4,000.00 

Per  cubic  foot  frame 10  to  17  cents 

Per  cubic  foot  brick 12%  to  20  cents 

Per  cubic  foot  stone 16  to  25  cents  up 

Per  cubic  foot  stucco  on  metal  lath 

12  to  18  cents  up 

Pacific  Coast  (Northwest)   $2,000.00  to  $3,200.00 

Per  cubic  foot  frame 8%  to  13  cents 

Per  cubic  foot  brick 9%  to  14  cents 

Per  cubic  foot  stone 14  to  16  cents 

Per  cubic  foot  stucco  on  metal  lath  9  to  14  cents 

Colorado   (average)    $3,100.00  to  $3,200.00 

Per  cubic  foot  frame 12  cents 

Per  cubic  foot  brick 14  cents 

Per  cubic  foot  stone 15  cents 

Per  cubic  foot  stucco  on  metal  lath. ...     13  cents 

Southwest  (Arizona  and  New  Mexico) 

$2,900.00  to  $3,000.00 

Per  cubic  foot  frame 12  cents 

Per  cubic  foot  brick 13%  to  14  cents 

Per  cubic  foot  stone * 16  cents 

Per  cubic  foot  stucco  on  metal  lath 

13%  to  14  cents 

Analyzing  these  figures,  we  find  that  building  costs  are 
highest  in  New  York  and  vicinity,  and  lo.west  in  the  Pacific 
Coast  Northwest. 

Labor  and  Materials  are  the  two  great  dominating  factors 
in  these  sections — as,  in  fact,  they  are  everywhere.  In  some 
places,  labor  plays  the  more  important  part,  wages  being 
high  and  hours  short. 

In  the  vicinity  of  New  York  City,  union  labor  is  well  or- 
ganized and  the  mechanics  receive  the  maximum  wage  for 
the  minimum  number  of  hours.  In  central  and  western  New 
York  State,  carpenters  and  masons  get  a  modest  wage,  and 
some  materials,  requiring  a  long  haul,  are  expensive.  The 
lumber  sections  of  the  Northwest  and  some  parts  of  the 
South  give  a  plentiful  supply  of  cheap  material;  and  where 
labor's  demands  are  not  high  at  the  same  time,  we  find  here 
the  most  favorable  conditions  in  which  to  build  cheaply. 
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Prices,  however,  may  vary  In  each  section.  An  example 
in  illustration  of  this  is  found  in  two  houses  huilt  recently — 
one  in  Flushing,  Long  Island,  N.  T.,  and  the  other  in  New 
Jersey.  On  Long  Island -the  cost  was  10  per  cent  less  than  in 
New  Jersey.  Transportation  had  much  to  do  with  this 
variation.  The  di^ance  material  Is  hauled  is  a  strong  factor 
in  determining  its  cost  to  the  consumer.  It  is  therefore  al- 
ways wiser,  apart  from  aesthetic  reasons,  to  build  with 
native  materials. 

BUILDING  COSTS  IN  CITIES 
As  regards  cost  of  building  construction,  New  York  City 
stands  first,  with  San  Francisco  second,  among  American 
cities.  In  the  latter,  the  high  rates  are  due  to  the  conditions 
that  govern  the  labor  market;  in  the  former,  the  dilficultles 
are  due  to  complexity  of  building  laws. 

In  discussing  this  subject  and  that  of  simplifying  legal 
building  requirements,  a  writer  in  a  recent  issue  of  the 
"Record  and  Guide"  gives  some  rather  intersting  figures  show- 
ing the  cost  per  cu.  ft  of  construction  in  several  of  the  lead- 
ing cities.  In  New  York  City,  construction  is  about  2  cents 
a  cu.  ft.  higher  than  in  San  Francisco;  while  in  San  Francisco, 
construction  costs  run  from  12  to  15  cents  more  than  in 
other  cities  similarly  situated  with  regard  to  shipping  and 
railroad  facilities.  As  a  matter  of  fact,  construction  in  both 
New  York  and  San  Francisco  should  be  lower  than  in  Chicago, 
Denver,  and  New  Orleans,  yet  the  range  of  cost  for  average 
buildings  in  American  cities  is  as  shown  in  the  accompanying 
table: 

Construction  Costs  in  Various  Cities 
City  Cents  per  Cubic  Foot 

New  York  (Gwater) .  X.  Y 23  to  23 

San   Francisco,    Cal 21  to  26 

Chicago,  111 20  to  25 

Boston,  Mass 20  to  23 

Pittsburgh,  Pa.   20  to  22 

New  Orleans,  La 19  to  20 

Oakland,   Cal 18to21 

Denver,  CoL 18 to  19 

New  Haven,  Conn 18  to  19 

Philadelphia,  Pa.   16tol8 

From  the  above  it  is  apparent  that  the  local  operator  in 
Greater  New  York  has  to  pay  more  for  the  legal  require 
ments  imposed  upon  his  contractor  than  do  operators  in  other 
cities,   due  allowance  being  made  for  the  fact  that  nnioo 
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wages  are  higher  in  New  York  and  in  San  Francisco  than 
they  are  in  any  other  city. 

RELATIVE  COST  OF  BVILDINQ  MATERIALS 

The  report  of  the  Committee  on  Fire  Protection  of  the 
Boston  Chamber  of  Commerce  included  some  very  interesting 
figures  on  the  comparative  cost  of  frame  and  brick  construc- 
tion for  dwelling  houses.  The  conclusion  was  that  the 
slightly  greater  cost  of  brick,  which  averaged  under  10  per 
cent  more  than  frame,  was  more  than  offset  in  a  few  years  by 
the  lesser  cost  of  maintenance  and  insurance  and  by  the 
greater  comfort  and  durability  of  the  structure.  The  report  says 
that  when  lumber  was  cheap  and  brick  was  more  expensive 
than  now,  the  idea  became  general  that  the  cost  of  brick  as 
compared  with  frame  was  almost  prohibitive;  and  this  con- 
tinues, although  the  conditions  have  changed  so  radically  that 
the  cost  is  now  little  more  and  the  ultimate  cost  is  less. 

The  purpose  of  the  investigation  was  to  encourage  the  use 
of  brick  and  non-combustible  interior  construction  for  the 
purposes  of  fire  prevention,  and  this  form  of  building  was 
very  strongly  urged  by  the  report  Bona  fide  bids  were  sec- 
ured from  five  different  contractors  of  good  reputation  on  the 
cost  of  the  construction  of  dwellings  of  brick,  wood,  cement, 
and  hollow  blocks,  the  houses  to  be  the  same  in  every  par- 
ticular except  the  outer  walls.  Bids  were  secured  on  a  mod- 
em, 8-room  bouse  of  good  design  and  excellent  arrangement, 
such  as  is  frequently  built  in  and  about  large  cities;  and  on 
these  bids  of  the  five  contractors  varied  comparatively  little. 
Accordingly  the  average  was  taken  as  a  fair  test  of  the  prac- 
tical cost,  the  contractors  including  their  profits  in  all  cases. 
The  average  bid  for  the  various  types  was  as  follows,  the 
second  column  showing  the  percentage  of  excess  cost  of  each 
type  over  the  clapboard  type: 

Clapboard    $6,759.95  .0 

Shingles    6,868.80        1.6 

10-in.  brick  wall,  hollow 7,372.48        9.1 

12-in.  brick  wall,  solid... 7.641.00      13.0 

Stucco  on  hollow  block 7,187.65        6.3 

Brick  veneer  on  hollow  block 7,483 .  16      10.7 

Stucco  on  frame    6,952.90        2.9 

Brick  veneer  on  boarding 7,226 .44        6.9 

Brick  veneer  on  studding 7,153.98        5.8 

The  committee  corresponded  with  contractors  in  various 
imrts  of  the  country  in  making  up  its  report,  and  found  from 
them  that  brick  buildings  were  commonly  estimated  to  cost 
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10  per  cent  more  than  frame,  while  brick-veneered  bufldings 
could  be  put  up  in  many  sections  for  5  per  cent  more  than 
the  cost  of  frame  buildings,  the  difference  in  cost  being  nsoally 
more  than  offset  by  the  lessened  insurance  premium.  In  the 
same  way,  estimates  were  secured  on  annual  cost  of  main* 
tenance,  including  depreciation,  for  frame  and  brick  dwellings; 
and  it  was  found  that  the  frame  dwellings  cost  26  per  cent 
more  for  maintenance  and  depreciation  than  the  brick  dwel- 
lings. • 

METHODS  OP  RAPID  ESTIMATING 

Very  often  it  is  desirable  and  important  to  be  able  to 
give  a  quick  but  fairly  accurate  estimate  on  some  proposed 
piece  of  work  for  which  nothing  but  "rough  idea"  sketches 
are  provided.  To  assist  the  contractor  to  this  end,  par* 
ticulars  of  work  already  carried  out  by  him  are  of  the  ut- 
most importance,  and  a  form  of  record  like  that  shown  in 
Table  3  is  recommended. 

As  it  is  usually  only  in  buildings  of  small  size  that  con- 
tractors are  called  upon  to  tender  without  quantities,  these 
remarks  apply  only  to  such  structures.  In  dealing  with 
No.  3  column  in  the  record,  the  number  of  cu.  ft.  is  ar- 
rived at  by  multiplying  the  length  of  the  building  by  the 
breadth,  and  then  by  the  height  from  bottom  of  footings 
to  half-way  up  roof,  disregarding  buttresses,  chimney  stacks, 
dormers,  etc..  The  ordinary  cubing  is  assumed  to  include 
drainage  of  average  extent  and  character,  and  averag^prfced 
grates,  mantels,  and  finishings.  But.  as  the  price  per  cubic 
foot  is  of  small  value  unless  one  knows  the  character  of 
the  building,  the  contractor  should  insert,  in  the  space  left 
for  "Remarks"  (10),  particulars  of  finishings,  materials,  and 
any  unusual  features  there  may  be.  Boundary  walls,  en- 
trance gates,  and  such  like  should  be  excluded,  and  the  price 
of  them  stated  in  the  remarks.  Other  elements  which  affect 
the  price  per  cubic  foot  are  very  small  or  very  large  rooms, 
the  utilization  of  the  roof  space  for  rooms,  etc.  Small  build- 
in  es  cost  more  per  cubic  foot  than  large  ones,  the  finish- 
ings being  of  similar  character. 

No.  4  column  in  the  record  Indicates  a  very  useful  item, 
and  may  be  arrived  at  either  by  squaring  each  floor,  includ- 
ing walls,  or  by  measuring  each  room,  also  areas  of  pas- 
sages and  stairs,  and  adding  to  the  total  1/5  of  the  whole 
for  walls  and  waste. 

In  No.  6,  the  brickwork  Is  all  reduced  the  sq.  yd.  &-ln 
thick,  including  half-brick  partitions;   but  a  note  ahould  be 
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made  as  to  whether  there  is  much  stud  partitioning, 
whether  the  openings  are  particularly  large  or  numerous. 

Having  the  particulars  before  him»  the  contractor  is  in  a 
position  to  arrive  at  least  at  a  closely  approximate  value  of 
a  building  of  average  size,  character,  and  finish,  and  may 
adopt  either  of  the  four  following  methods:  (a)  At  so  much 
per  cubic  foot;  (b)  at  so  much  per  square;  (c)  at  so  much 
per  room;  (d)  so  much  per  yard  of  brickwork. 

Of  these  methods,  a  (column  3)  is  perhaps  the  most  com- 
mon, the  measurements  being  taken  from  the  bottom  of  foot- 
ings to  half-way  up  the  roof.  Yet  In  some  respects  it  is 
the  least  satisfactory,  chiefly  on  the  ground  that  the  figures 
dealt  with  are  large,  and  any  miscalculation  must  neces- 
sarily result  in  a  mistake  of  some  magnitude. 

For  instance — ^apart  from  an  actual  error  in  the  figures — 
in  case  of  a  pair  of  semi-detached  houses  of  40,000  cu.  ft 
the  pair,  the  difference  between  11  cents  and  12  cents  per 
cu.  ft.  would  be  $400,  which  Is  too  large  a  margin  to  play 
with.  Given  the  information  of  the  above-mentioned  record, 
the  most  satisfactory  method  on  the  whole  is  b  (column  5). 
The  pair  of  houses  of  40,000  cu.  ft  might  contain  8  squares 
on  each  floor  in  each  house,  a  total  of  32  for  the  pair,  which, 
at  the  price  of  $4,800  for  the  pair,  is  $150  a  square.  It 
is  clear  that  by  this  method  a  mistake  has  not  so  serious 
results  as  by  method  a.  In  the  case  of  a  contractor  pricing 
at  either  $145  or  $155  a  square,  the  result  does  not  mean 
a  severe  loss  on  one  side,  nor  destroy  his  chance  of  the 
Job  on  the  other.  Furthermore,  there  is  a  better  oppor- 
tunity of  adjustment  of  price  by  adding  to  or  deducting  from 
the  price  per  square. 

In  dealing  with  outbuildings  of  one  story,  it  is  best  to 
cube  these,  figuring  the  main  building  only  by  the  square. 
Boundary  walls,  fencing,  and  entrance  gates  must,  of  course, 
be  kept  separate  in  each  case;  and,  as  these  are  usually 
simple  and  easily  measured,  there  is  no  difficulty  about  this. 

Sometimes  it  is  the  case  that  the  house  which  is  bid  on 
is,  on  the  whole,  of  ordinary  materials  and  finish;  but  has  in 
connection  with  it  one  or  two  troublesome  or  expensive  par- 
ticulars— perhaps  a  dining  or  drawing  room  finished  with 
somewhat  costly  fittings  or  with  carved  work.  The  sim- 
plest way  is  undoubtedly  to  treat  the  whole  by  the  square, 
and  add  a  sum  for  the  particular  items. 

Method  c  (column  7)  cannot  be  considered  so  satisfactory 
as  the  price  per  square  method  just  given.  It  is  obvious 
that  the  size  of  the  rooms  is  of  the  first  importance.     Some 
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contractors  who  always  arrive  at  their  price  by  means  of  this 
method,  are  guided  almost  exclusively  by  the  size  of  the 
ground-floor  rooms.  Having  a  certain  price  for  these  rooms 
of  average  size  and  height,  they  vary  the  price  per  room, 
according  as  the  rooms  differ  from  a  given  standard.  They 
contend  that  the  size  of  the  upper  rooms  is  necessarily  gov- 
erned by  that  of  the  lower  rooms.  The  particulars  neces- 
sary for  estimating  by  this  method  are  the  same  as  those 
for  estimating  by  the  square,  and  the  same  remarks  apply 
generally. 

The  last  method,  d  (colunm  9),  is  very  simple  and  very 
useful;  and  given,  as  already  stated,  similar  materials  and 
finish,  there  is  a  very  close  connection  between  the  price  and 
the  number  of  yards  of  brickwork.  The  only  thing  to  be 
noted  is  whether  the  amount  of  stud  partition  is  unusually 
large.  It  might  be  argued  that  the  number  of  yards  of 
brickwork  would  be  no  guide  in  the  case  of  buildings  of  ir- 
regular outline;  that  if  the  house  were  made  square,  the 
brickwork,  at  least  in  the  external  walls,  might  be  the  same 
In  both  cases,  yet  In  the  case  of  the  square  house  the  space 
enclosed  would  be  larger,  with  more  floor  area,  and  there- 
fore of  greater  cost. 

In  answer  to  that,  there  are  these  conditions:  For  its 
size,  the  house  with  the  irregular  outline,  has  a  larger  pro- 
portion of  external  wall  and  external  facing;  the  roof  would 
be  likely  to  be  more  expensive  in  labor;  more  cutting  of 
brickwork  and  roofing  would  be  required — all  of  which  would 
compensate  for  the  extra  fioor  space,  etc.;  and  the  balance 
would  thus  be  restored. 

The  various  methods  that  have  just  been  mentioned,  can 
bei  used  only  for  the  purpose  of  arriving  at  an  approximate 
price,  though  this  price  may  approximate  very  closely  the 
value  of  the  work.  They  cannot,  of  course,  be  said  to  com- 
pare for  reliability  with  the  proper  and  correct  "taking  off" 
the  quantities  of  the  materials  and  labor  required. 

COST   OF    BUILDINGS    PER    CUBIC    FOOT 

The  cost  of  buildings  is  often  estimated  at  a  certain  price 
per  cubic  foot  of  contents,  basing  this  cubical  measurement 
on  the  length,  multiplied  by  the  width,  and  then  by  the  aver- 
age height,  measuring  from  the  bottom  of  basement  to  the 
mean  or  average  height  of  a  flat  roof,  or  to  the  height  of  the 
finished  portion  of  the  attic  in  case  of  a  pitch  roof.  All  meas- 
urements are  to  the  outside  of  walls  and  foundations.  Vaults 
and  spaces  under  sidewalks  are  measured  as  a  part  of  the 
basement. 
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While  the  following  costs  will  serve  as  a  guide  in  estimat- 
ing, it  should  be  remembered  that  they  are  approximations  at 
the  best,  and  will  be  affected  by  local  prices  of  labor  and 
materials. 

Frame  dwellings  with  shingle  roof,  pine  floors  and  trinu 
two  coats  of  paint  inside  and  out,  without  heat  or  plumbing, 
cost  about  10  cents  per  cu.  ft 

Same  with  hardwood  floors  in  hall  and  parlor,  with  heat 
and  fair  plumbing,  about  11  cents  per  cu.  ft. 

Same  with  hardwood  floors  and  trim  on  first  floor,  pine 
floors  and  trim  on  second  floor,  heat  and  plumbing,  good  qual- 
ity of  materials,  about  15  cents  per  cu.  ft 

Brick  dwellings  of  same  character  as  for  frame  above,  add 
about  2  cents  per  cu.  ft.  for  each  case. 

Flat  buildings  or  apartments  of  frame  construction,  with 
shingle  or  composition  roof,  hardwood  floors  and  trim,  good 
plumbing,  and  with  furnace,  of  good-quality  material,  cost 
about  12  cents  per  cu.  ft 

Flat  buildings  of  brick  construction  cost  from  15  to  vO 
cents  per  cu.  ft,  depending  upon  the  style  of  architecture, 
quality  of  material,  brick  or  stone  front  etc 

Churches  and  school  buildings  cost  about  12  cents  per  cu. 
ft  for  frame,  14  cents  for  brick,  and  25  cents  for  stone. 

Stores  cost  about  the  same  as  flat  buildings  given  above 

Fireproof  flats,  office  buildings,  and  factories  cost  fn^m 
25  to  60  cents  per  cu.  ft,  depending  upon  the  detail  of  build- 
ing and  type  of  construction. 

Theaters  cost  about  40  cents  per  cu.  ft 

Mill  construction  for  factories  and  warehouses  costs  aboat 
10  cents  per  cu.  ft 

Barns,  small  or  medium-sized,  cost  about  10  cents  per  cu. 
ft,  stalls  and  bins  complete.  For  brick  construction,  add 
about  2  cents  per  cu.  ft 

COST  OF  FIREPROOF  WALLS 

The  costs  of  various  hollow-tile  fireproof  walls  in  com- 
parison with  those  of  ordinary  construction,*  are  indicated  in 
Table  4,  compiled  by  the  Pennsylvania  Fireproofing  Co. 

AVERAGE  DIIVIENSI0N8  OF  HOUSEHOLD  FURNITURE 

Beds— Single,  2  ft  8  in.  to  3  ft  6  in.  wide. 

Three-quarter,  4  ft  to  4  ft  6  in.  wide. 

Double,  4  ft  6  in.  to  5  ft  wide. 

Length  of  beds  will  vary  from  6  ft  6  in.  to  C  ft.  8  in^ 
Inside  measurement. 
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TABLE  4     ' 
Cost  of  Hoilow-Tlle  Exterior  Walls 
Per  square  of  100  sq.  ft. 

■With  Exterior  With  Exterior  Without  Exterior 

Cement  Stucco  and  Plain  and  Interior  Stucco  or  Interior 

Interior  Pluter  .  Plaster  Plaster — ^Tile  Keyed 

Complete  Complete  Ready  for  Plasterer 

Wall                        Cost  Wall  Cost  Wall                        Cost 

6  in S23.85        6  in $18.35        6  in $15.50 

Sin 27.10        Sin 21.60        Sin 18.75 

lOin 30.85      lOin 25.36  10  in 22.66 

12 in 32.35      12  in 26.86  12  in 24.00 

Win 36.35      16 in 30.86  16  in 27.00 

Win 39.35      16 in 33.85  16  in 29.50 

Bollow  Tile  with  Exterior  Brick  Veneer 
Cost  per  square  of  100  sq.  ft. 
Tile  used  for  this  purpose  sometimes  called  "Bacldng-up  Block."     (Tile  with 
keyed  surfaces  ready  for  direct  application  of  plaster.    Includes  exterior  stone 
trim.) 

Thick-  Face  Common 

nessof  «  Brick  Brick 

Wall  Veneer  Veneer 

Sin $38.50 $26.80 

10 in 42.00 30.30 

12  in 45.25 33.56 

14  in 49.00 37.30 

16  in 60.60 38.80 

PtfUtion  WallB—BoUow  Tile  Beady  for  PUiter 

3  in $10.50      6  in $12.80      7  in $14 .60 

4  in 11.00      6  in 13.10      Sin 17.00 

Outside  walls,  wood  nuLun  construction  throughout,  painted  exterior,  plas- 
tered interior,  including  all  labor  and  finish,  is  stated  to  cost  about  $18.50  per 
square. 

Billiard  tables— 4  ft  by  8  ft,  4  ft  ,2  in.  by  9  ft.,  and  5  ft  by 

10  ft 
Bureaus— Body  3  ft.  5  in.  wide,  1  ft.  6  in.  deep,  2  ft.  6  in. 

high;  or  4  ft  wide,  1  ft.  8  in.  deep,  3  feet  high. 
Carving  tables— 3  ft  high. 
Chairs — These  vary  greatly  in  size,  so  that  no  average  can  be 

given  which  would  be  of  any  practical  use. 
Chevai  glasses— 5  ft.  high  by  1  ft  8  in.  wide;  5  ft  6  in.  high 

by  2  ft  wide;  6  ft  4  in.  high  by  3  ft.  2  in.  wide. 
Chlffonleres,  3  ft  wide,  1  ft  8  in.  deep,  4  ft.  4  in.  high. 
Commodes — 1  ft.  6  in.  square  on  top,  and  2  ft.  6  in.  high. 
Couciiea— 2  ft  6  in.  wide,  6  ft  8  in.  long. 
Pianos— Baby  grand,  3  ft.  1  in.  high,  4  ft  5  in.  wide,  6  ft.  long. 

Parlor  grand,  3  ft.  4  in.  high,  5  ft.  wide,  7  ft.  8  in.  long. 

Upright,  4  ft  5  in.  high,  2  ft  4  in.  wide,  5  ft.  2  in.  long. 
Sideboards — i  ft  to  6  ft.  long,  and  from  20  to  26  in.  deep. 
Wardrobes,  8  ft  high,  2  ft  deep.  4  ft  6  in.  wide;  or  6  ft.  9  in. 

high,  1  ft  5  in.  deep.  3  ft  wide. 
Washstandfr— 2  ft.  7  in.  high,  1  ft  6  in.  wide,  3  ft.  long. 
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AVEftAGE   DIMENSIONS  OF  BATHROOM   AND   KITCHEN 

FIXTURES 
Bathtubs — Enameled  iron,  roU-rim,  with  sloping  end,  lenstbs 

4,  4^,  5,  5!^  and  6  ft;  width  30  to  34  in. 
Kitchen  si nka— Cast-iron,  enameled,  16  by  24  in.,  18  by  30  in^ 

18  by  36  in.,  20  by  30  in.,  20  by  36  in.,  24  by  50  in. 

Cast-iron,  plain,  up  to  32  by  56  in.,  or  28  by  78  in. 

Steel,  up  to  20  by  40  in. 

Porcelain,  20  by  30  in.,  23  by  36  in.,  24  by  42  in. 

Average  depth  of  above  sizes,  6  in. 
Laundry  tubs — Slate  or  soapstone,  length  of  two-part  tub,  4  ft 

and  4  ft  6  in.;  length  of  three-part  tub,  6  ft,  6  ft  6  in., 

and  7  ft    Width  of  tubs,  2  ft    Depth  of  tubs,  16  in. 
Range  boilers — 12  in.  diam.  for  30-gal.  size;  14  in.  for  40-gaL 

size;  and  16  in.  for  52-  and  63-gal.  size. 
Slabs,  Marble,  for  wash-basins — 20  by  24  in.,  20  by  30  in.,  21 

by  28  in.,  24  by  30  in.    All  slabs  1%  in.  thick. 
Slop  sinks — Cast-iron,  16  by  16  in.,  16  by  20  in.,  18  by  22  in., 

20  by  24  in.    All  sizes  12  in.  deep. 

Wash-basins — Crockery,  round   bowls,  10,  12,  14,  and  16  in. 
diam.    Oval  bowls,  14  by  17  in.,  and  15  by  19  in. 
Enameled  Iron,  16  by  20  in.  with  11  by  14-in.  basin;  IS  by 

21  in.  with  11  by  15-in.  basin;  18  by  24  in.  with  12  by  15-in. 
basin.    Height  of  back,  10%  in. 

Watercloseta— Width  of  bowl,  13  in.;  width  of  seat.  16  in.; 
height  from  floor  to  seat,  17  in.;  distance  from  wall  to 
front  of  seat,  23  in.    - 

ABBREVIATIONS   FOR   ESTIMATORS 

The  following  list  of  abbreyiations  will  be  found  useful 
in  making  up  an  estimate.  Others  of  a  like  nature  may  be 
originated  by  the  estimator,  for  use  in  his  particular  line 
of  work. 

A  b.  m board  measure 

a.  b as  before     bn battens 

L angle      b.  p brick  pier* 

asb asbestos      b.  s. both  sides 

av average      b.  v brick  veneer 

C 

B  *       c cent  or  cents 

bbl barrel     cal calsomlne 

bd.  &  Jt bed  and  joint      c.  b common  brick 

bd.  &  pt bed  and  point     c.  bl .cement  blocks 

b.  f box  frame     c.  to  c center  to  center 

bidg.     building     [   channel 
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ch chimney 

c.  i cast  iron 

cir ...circular 

cm cement  mortar 

cmt cement 

col column 

com common 

con concrete 

con.  p concrete  piers 

c.  p candle  power 

cor comer 

corr.   ^ corrugated 

cr.  St. crushed  stone 

cu.  ft.  or  c.  f 

cubic  foot  or  feet 

cu.  In.  or  c.  i 

cubic  inch  or  inches 

D 

dbl double 

ddt deduct 

<i.  h double  hung 

dia diameter 

dlag diagonal 

dist distemper 

d.  p.  c damp-proof  course 

d.  8 double-strength 

dsp downspout 

d.  &  m. dressed  and  matched 
d.   m.   &  b dressed, 

matched,  and  beaded 

E 

est estimate 

ex excavating 

ex.  met.   expanded  metal 

F 

f.  b face  brick 

fd foundation 

f.  e feather  edge 

f .  o.  b free  on  board 

foot footings 

f.  p fireplace 

fr furring 

frd framed 

f .  &  h fill  and  haul  away 

f.  &  r fill  and  ram 


O 

g grain 

gal gallon 

gal  V galvanized 

g.  I galvanized  iron 

H 

H H-section 

h.   p horse-power 

h.  r hand-rail 

h.  w. hard  wall 

I 

I     I-section 

In inch 

L 

lab labor 

I  In.  ft linear  foot  or  feet 

I.  m lime  mortar 

I.  p lath  and  plaster 

M 

m measure 

M thousand 

mati material 

m.  b matched  boards 

mold moulding 

mult multiply 

m.  w mineral  wool 

N 

n.  c « .natural  cement 

no number 

N.  p. Norway  pine 

O 

O  round  or  diameter 

o.  c on  centers 

O.  f Oregon  fir 

O.  Q ogee  style 

P 

p paint 

p.  b paving  brick 

pes. pieces 

P.  c Portland  cement 

p.  d pebble-dash 

p.  f.  plain  face 

pi plastering 

Q 
q.  8 quarter-sawed 
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A  c red  cedar 

reb rebated 

rein reinforcing 

re  I.  arch relieving  arch 

r.  I rolled  Iron 

r.  o red  oak 

r.  o.  &  p.  .  .rake  out  and  point 
r.  w.  redwood 

8 

8-1-8. . .  .surfaced  on  one  side 
8-2-8. .  .surfaced  on  two  sides 
S-4-8. .  .surfaced  on  four  sides 

8-1-8-1 -E surfaced  on  one 

side  and  one  edge 

8.  c surface  coat 

seg segmental 

8.  g straight-grained 

8hg shingles 

8h.  I short  length 

8k sack 

8l slate 

sq square  or  squares 

sq.  f t.  or  8.  f 

square  foot  or  feet 

8.  8. single-strength 

8to stucco 

sub sub-floor 

sup superficial 

surf surface 


t  &  g.  .  .tongued-and-grooved 


t.  &  grav tar  and  gravel 

tl tile 

T.  p Texas  pine 

t.  rf. tin  roof 

tr. transom 


V.  Tamisli 

V.  g vertical  grain 

W 

w.  i wrought  iron 

win window 

w.  t wood  lath 

w.  o white  oak 

w.  p white  pine 

wpr.   .^ waterproofing  or 

waterproof 
wsct.    wainscot 


X  ton cross-tongue 

Y 

yd yard 

y.  p yellow  pine 

Miscellaneous 

'  . .  .foot  or  feet,  as  (!',  2\  r, 

etc) 

"  ..Inch  or  inches  (as  l*  2", 

Z",  etc) 

Ice    once 

2ce    twice 

1  b. pne  brick 

2  b tw^o  bricks 


F0RM8  OF  C0NTRACT8 

The  following  standard  forms  of  contract  will  be  of  serv- 
ice to  the  architect,  builder,  or  contractor  who  wishes  a  care> 
fully  arranged  contract  for  use  in  any  particular  type  of 
construction.  The  standard  forms  shown  are  copyrighted. 
1911,  by  the  American  Institute  of  Architects,  Washington, 

D.  C,  and  are   here   reproduced   by  express  permission   of 

E.  G.   Soltman,  dealer  in   drawing  materials,  of  New  York 
City,  sole  licensee  for  publication. 
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Invitation  to  Submit  a  Proposal 

Office  of  Architect 

Dear  Sir:     Tou  are  invited  to  submit  a  proposal  for 

Drawings,  Specifications  and  other  information  may  be 
procured  from  this  office  on  and  after 

All  documents  must  be  returned  to  this  office 

To  be  entitled  to  consideration,  the  Proposal  must  be 
made  upon  the  form  proyiaea,  which  must  be  fully  com- 
pleted  in  accordacco  yTith  the  accompanying  Instructions  to 
Bidders  and  most  be  delivered  to  this  office  not  later  than 

Very  truly  yours, 

Architect. 


19.... 

^  Instructions  to   Bidders 
(Standard  Form  of  the  American  Institution  of  Architects) 
Proposals,  to  be  entitled  to  consideration,  must  be  made 
in  accordance  with  the  following  instructions: 

a.  Proposals  shall  be  made  upon  the  form  accompany- 
ing these  instructions,  and  all  blank  spaces  in  the  form 
shall  be  fully  filled;  numbers  shall  be  stated  both  in  writ- 
ing and  in  figures;  the  signature  shall  be  in  long  hand;  and 
the  completed  form  shall  be  without  interlineation,  altera- 
tion, or  erasure. 

b.  Proposals  shall  not  contain  any  recapitulation  of  the 
work  to  be  done. 

c.  Proposals  shall  be  delivered  to  the  Architect  enclosed 
in  an  opaque,  sealed  envelope  addressed  to  him,  marked 
"Proposal,"  and  bearing  the  title  of  the  work  and  the  name 
of  the  Bidder. 

d.  No  oral,  telegraphic,  or  telephonic  proposals  or  modi- 
fications will  be  considered. 

Should  a  Bidder  find  discrepancies  in  or  omissions  from 
the  drawings  or  documents,  or  should  he  be  in  doubt  as 
to  their  meaning,  he  should  at  once  notify  the  Architect, 
who  will  send  a  written  Instruction  to  all  bidders.  Neither 
Owner  nor  Architect  will  be  responsible  for  any  oral  instruc- 
tions. 

Before  submitting  a  proposal,  bidders  should  carefully 
examine  the  Drawings  and  Specifications,  visit  the  site  of 
work,  fully  inform  themselves  as  to  all  existing  conditions 
and  limitations,   and  shall  include  in  the  Proposal  a  sum 


790     RADFORD'S  ESTIMATING  AND  CONTRACTING 

to   coyer  the  cost  of  all  items  contemplated  by  the   Con- 
tract 

The  competency  and  responsibility  of  bidders  and  of  thefr 
proposed  sub-contractors  will  be  considered  In  making  the 
award.  The  Owner  does  not  obligate  himself  to  accept  the 
lowest  or  any  other  bid. 

(Here  follows  a  blank  Standard  Form  of  Agreement,  a» 
given  below.) 

Standard  Form  of  Proposal 
(American  Institute  of  Architects) 

19.... 


Architect. 
Dear  Sir: 

Having  carefully  examined  the  Instructions  to  Bidders, 
the  General  Conditions  of  the  Contract  and  the  SpecificatioQ& 

entitled    (Here  Insert  the  caption  deflcriptlve  of  the  work  as  uaed  therein* 

and  the  Drawings  similarly  entitled  numbered 

as  well  as  the  premises 

and  the  conditions  afTecting  the  work,  the  Undersicrneii  i  ro- 
poses  to  furnish  all  materials  and  labor  called  for  by  them  for 

(Here  Insert,  in  case  all  the  work  therein  described  is  to  be  rovfrnt  hr 
one  contract,  "the  entire  work."  In  case  of  a  partial  contrt»ci  insert 
name  of  the  trade  or  trades  to  be  covered  and  the  numbtia  of  tbe 
pages  of  the  Specifications  on  which  the  work  is  described). 


in  accordance  with  the  said  documents,  for  the  sum  of  .... 

Dollars  ($ )  and  to  execute  a  contract 

for  the  above  work,  for  the  above  stated  compensation  bi 
the  form  of  the  Agreement,  shown  in  Instructions  to  Bidders* 
provided  that  he  be  notified  of  the  acceptance  of  this  pro- 
posal within days  of  the  time  set  tor 

•the  submission  of  bids. 

GENERAL    CONDITIONS    OF    THE    CONTRACT    AND    OP 
THE  SPECIFICATIONS 
Brief  Description  of  the  Work 
The  work  consists  of  that  called  for  by  the  Drawings  and 

Specifications  entitled         (Hera  insert  the  caption  dewrrlptire  «f   tha 

irork  as  used  In  the  form  of  Proposal .  in  the  Specifications  and  upon  tte 
Drawings.) 

hereinafter  called  the  Owner,  and  is  to  be  executed  to  tbe 
satisfaction  of,  under  the  supervision  of  and  in  accordanee 
with  the  Drawings  and  Specifications  prepared  by 
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acting  as  and  in  these  Contract  Documents  called  the  Archi* 
tect 

Identification  of  Documents 
The  Drawings  and  Specifications  forming  a  part  of  these 
contract  Documents  are  the  following: 


In  these  General  Conditions  the  Owner,  the  Contractor,  and 
the  Architect  are  treated  as  if  each  were  of  the  singular 
BBnDer  and  masculine  gender.  Where  the  words  written 
notice  or  notice  in  writing  are  used,  such  notice  shall  be 
deemed  to  have  been  duly  served  if  delivered  in  i>ersoii  to 
Che  Individual  or  to  a  member  of  the  firm  or  to  an  officer  of 
the  corporation  for  whom  it  is  intended,  or  if  delivered  at 
the  last  address  of  the  said  individual,  firm,  or  corporation 
known  to  him  who  gives  the  notice. 

Drawings  and  Specifications 

Articie  1.  The  Agreement,  the  General  Conditions  of  the 
Contract,  the  Specifications,  and  the  Drawings,  with  all  notes 
made  thereon  before  the  signing  of  the  Agreement,  are  the 
documents  forming  the  Contract.  Copies  of  all  these  docu- 
ments signed  by  the  parties,  or  identified  by  the  Architect  as 
provided  in  the  Articles  of  Agreement,  shall  remain  in  the 
custody  of  the  Architect  and  shall  be  produced  by  him  at  his 
ofilce  on  demand  of  either  party. 

Article  2.  The  documents  forming  the  Contract  are  com- 
plementary, and  what  is  called  for  by  any  one  shall  be  as  bind- 
Ing  as  if  called  for  by  all.  They  are  intended  to  include  all  de- 
tail of  labor  and  material  reasonably  necessary  for  the  proper 
^execution  of  the  work.  Should  they  disagree  the  Architect 
shall  determine  which  quantity  or  quality  of  the  work  is  to 
be  furnished.  Where  reference  is  made  to  approval  of  work, 
material,  fixtures,  etc.,  such  approval,  unless  otherwise  dis< 
tinctly  stated,  is  to  be  understood  as  that  of  the  Architect. 

Article  3.  The  Contractor,  if  required,  shall  prepare,  in 
consultation  with  the  Architect,  a  schedule  fixing  the  latest 
dates  at  which  the  various  detail  drawings  and  decisions  will 
be  required  for  the  proper  conduct  of  the  work,  and  the  Archi- 
tect will  from  time  to  time,  as  necessary,  furnish  such  detail 
and  working  drawings,  which  shall  be  true  developments  of 
the  scale  drawings.  The  work  shall  be  executed  in  conform- 
ity therewith,  and  with  such  instructions,  directions  and  ex- 
planations, not  inconsistent  therewith,  as  may  from  time  to 
time  be  given  by  the  Architect. 

Article  4k    The  Architect  will  furnish  to  the  Contractor, 
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free  of  cost  to  him,  one  copy  of  each  full  size  detail  drawing. 
and  two  copies  of  all  other  drawings  and  of  the  Speciflcatioa& 
If  additional  copies  are  desired  they  may  be  obtained  at  the 
cost  of  reproduction.  The  Contractor  shall  keep  in  good  order 
upon  the  work  one  copy  of  the  Specifications  and  one  of  each 
Drawing,  and  the  Architect  and  his  representatives  shall  have 
free  access  to  such  copies. 

Article  5.  Figured  dimensions  shall  be  followed  in  pref* 
erence  to  measurements  by  scale;  and  larger  scale  drawings 
shall  take  precedence  over  those  at  smaller  scale. 

Article  6.  The  Drawings  and  Specifications  furnished  by 
the  Architect  shall  be  used  for  this  work  only.  As  instru* 
ments  of  service  they  are  the  property  of  the  Architect,  and 
shall  be  returned  to  him.  Any  models  furnished  under  this 
Contract,  or  by  the  Owner,  are  the  property  of  the  Owner 
and  shall  be  disposed  of  as  directed  by  him. 

Article  7.  The  Contractor  shall  furnish  to  the  Architect 
at  proper  times  all  shop  and  setting  drawings  or  diagrams 
which  the  Architect  may  deem  necessary  in  order  to  make 
clear  the  work  intended  or  to  show  its  relation  to  adjacent 
work  of  other  trades.  The  Contractor  shall  make  any  changes 
in  such  drawings  or  diagrams  which  the  Architect  may  re> 
quire,  and  shall  submit  two  copies  of  the  revised  prints  to  the 
Architect  for  his  identification,  one  copy  to  be  returned  to 
the  Contractor,  the  other  to  be  filed  by  the  Architect  In  sub- 
mitting such  shop  and  setting  drawings  the  Contractor  shall 
in  writing  specifically  call  the  attention  of  the  Architect  to 
every  change  from  the  Architect's  Drawings  or  Specifications. 
The  Architect's  identification  on  the  revised  prints  shall  not 
relieve  the  Contractor  of  entire  responsibility  for  his  own 
errors  and  for  changes  not  so  pointed  out  in  writing.  Any 
models  or  templates  submitted  shall  be  changed  as  required 
until  satisfactory  to  the  Architect. 

Materials  and  Workmanship,  and  their  Inspection 
Article  8.  No  one  unskilled  in  the  work  which  he  is  given 
to  do  shall  be  employed,  and  all  work  shall  be  executed  In  a 
skillful  and  workmanlike  manner.  Should  the  Architect  deem 
any  one  employed  on  the  work  incompetent  or  unfit  for  his 
duties,  and  so  certify,  the  Contractor  shall  dismiss  him.  and 
he  shall  not  again,  without  the  Architect's  permission,  be  em- 
ployed  on  the  work. 

Article  9.  All  materials  unless  otherwise  specified,  shall 
be  new  and  of  the  best  quality  of  their  respective  kinds. 

Article  10.  The  Contractor  shall  at  all  times  maintain 
proper  facilities  and  provide  safe  access  for  Inspection  to  an 
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parts  of  the  work,  and  to  the  shops  wherein  the  work  is  in 
preparation.  Where  the  Specifications  require  work  to  be 
specially  tested  or  approved  it  shall  not  be  tested  or  covsred 
up  without  timely  notice  to  the  Architect  of  its  readiness  for 
insi>ection  and  without  his  approval  thereof  or  consent  there- 
to. Should  any  such  work  be  covered  up  without  such  notice, 
approval  or  consent  it  must,  if  required  by  the  Architect,  be 
uncovered  for  examination  at  the  Contractor's  expense. 

Article  11.  When  required  the  Contractor  shall  provide 
all  facilities  and  labor  necessary  for  a  complete  re-examina- 
tion of  work  under  suspicion,  and  if  the  Architect  decides 
that  the  work  is  defective,  the  Contractor  shall  bear  the  ex- 
pense of  re-examination  and  replacement.  If  not  found  defec- 
tive, such  expense  shall  be  credited  to  the  Contractor  as 
extra  work. 

Article  12.  The  Contractor,  upon  receiving  txom  the  Archi- 
tect written  notice  and  within  such  reasonable  time  as  may 
be  named  therein,  shall  remove  from  the  premises  all  mater- 
ials, whether  worked  or  unworked,  and  take  down  and  re- 
move all  portions  of  the  work,  condemned  by  the  Architect 
as  unsound  or  improper  or  as  in  any  way  failing  to  conform 
to  the  Contract;  and  the  Contractor  shall  promptly  replace 
and  re-execute  his  own  work  in  accordance  with  the  Contract 
and  "Without  expense  to  the  Owner,  and  shall  bear  the  expense 
of  making  good  all  work  of  other  contractors  destroyed  or 
damaged  by  such  removal,  or  replacement. 

If  the  Contractor  does  not  remove*  such  condemned  or  re- 
jected work  and  materials  within  the  time  limited  by  the 
notice,  the  Owner  may  remove  them  and  may  store  the 
material  at  the  expense  of  the  Contractor.  If  the  Contractor 
does  not  pay  within  ten  days  after  such  removal  by  the 
Owner  the  expense  of  such  removal,  the  Owner  may  at  any 
time  thereafter  upon  ten  days'  written  notice  sell  such  ma- 
terials at  auction  or  at  private  sale.  The  Owner  shall  account 
to  the  Contractor  for  the  proceeds  of  such  sale,  after  deduct- 
ing all  expense  of  removal  and  storage. 

Article  13.  Except  when  authorized  in  writing  by  the 
Owner  through  the  Architect,  neither  the  clerk  of  the  works 
nor  a  superintendent,  even  though  employed  by  the  Owner, 
has  authority  to  add  to  or  deduct  from  the  work  called  for 
under  the  Contract,  or  to  make  any  changes  therein. 

Financial  Relations 
Article  14.     The  Contractor,  when  required  shall  furnish 
to  the  Architect,  upon  a  blank  form  provided  or  approved  by 
him»  a  correct  statement,   showing  the   estimated   cost  of 
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each  part  of  the  work  as  subdivided  in  the  Specifications,  the 
total  equaling  the  contract  price.  This  statement  shall  he 
for  the  use  of  the  Architect  at  his  discretion,  in  preparing 
estimates  for  payments  on  account. 

Article  15.  At  least  one  week  before  each  pajrment  falls 
due  the  Contractor  shall  submit  to  the  Architect  a  requisi- 
tion therefor  and  shall,  if  required,  submit  therewith  an  item- 
ized statement  of  the  quantities  and  cost  and  proportionate 
share  of  profit  of  work  performed  to  the  termination  of  the 
period  to  be  covered  by  the  payment  Such  statement  shall 
be  made  in  form  provided  or  approved  by  the  Architect;  bat 
it  shall  not  be  binding  as  against  his  judgment 

Article  16.  The  acceptance  by  the  Contractor  of  the  pay- 
ment of  the  final  certificate  shall  constitute  a  waiver  of  all 
claims  against  the  Owner  under  or  arising  out  of  this  Con- 
tract. 

Article  17.  The  Contractor  shall  make  good,  without  cost 
to  the  Owner,  any  omissions  from  his  work  or  negligence  in 
connection  therewith  or  any  improper  materials  or  defective 
workmanship  or  consequences  thereof  of  which  he  may  in 
writing  be  notified  within  one  year  of  the  date  of  the  final 
certificate,  but  this  general  guarantee  shall  not  act  as  a 
waiver  of  any  specific  guarantee  for  another  length  of  time 
set  elsewhere  in  the  Contract  Documents. 

Within  the  period  of  general  or  special  guarantee,  no  cer- 
tificate given,  nor  payment  made  under  the  Contract,  nor 
partial  nor  entire  occupancy  of  the  premises  by  the  Owner, 
shall  be  construed  as  an  acceptance  of  defective  work  or  of 
improper  material  or  as  condoning  any  negligence  or  omla- 
flion. 

Article  18.  The  Architect  may  wlthold  or  nullify  any  cer- 
tificate or  reduce  the  amount  thereof,  if,  in  his  opinion,  viola* 
tion  of  the  Contract  exists  after  the  Contractor  has  been 
duly  notified  to  correct  the  same,  or  if  he  have  knowledge 
of  lien  against  the  premises  under  this  Contract,  and  such 
certificates  may  be  withheld  until  such  violation  is  corrected 
to  the  satisfaction  of  the  Archilect,  or  such  lien  is  discharged 
or  satisfactorily  bonded. 

Article  19.  If,  in  the  opinion  of  the  Architect,  It  is  not 
expedient  to  correct  injured  work,  or  work  not  done  in  ae> 
cordance  with  the  Contract,  the  Owner  may  deduct  the  dllfei^ 
ence  in  value  between  the  work  involved  and  that  called  for 
by  the  Contract,  together  with  a  fair  allowance  for  damage, 
the  amount  of  which  shall  be  determined  by  the  Architect 
subject  to  arbitration. 

Article  20.    The  Owner  may.  without  invalidating  the  God- 
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tract,  make  changes  by  altering  adding  to  or  deducting  from 
the  work  in  the  manner  hereinafter  provided.  No  claim  for 
an  extra  charge  for  such  changes  shall  be  valid  unless  such 
work  is  done  in  pursuance  of  a  formal  written  order  there- 
for from  the  Owner  ot  from  the  Architect  acting  under  the 
authorization  of  the  Owner,  and  no  bill  for  extra  work  of  any 
kind  will  be  audited  by  the  Architect  or  paid  by  the  Owner 
unless  %  be  rendered  in  accordance  with  the  terms  of  such 
formal  written  order.  Unless  otherwise  expressly  agreed  all 
such  work  shall  be  executed  under  the  conditions  of  the 
original  Contract. 

Article  21.  Should  the  Contractor  deem  any  work  which 
he  Is  called  upon  to  perform,  whether  by  instruction,  by  de- 
t*"]]  drawings  or  otherwise,  to  be  extra  to  the  Contract,  he 
>hall  give  the  Architect  written  notice  thereof  before  proceed- 
ing to  execute  it,  and  in  any  case  within  two  weeks  of  re- 
ceiving such  Instructions  or  drawings  or  otherwise  being 
called  upon  to  perform  such  work,  and  failure  so  to  do  shall 
constitute  a  waiver  of  all  claim  for  extra  payment  on  account  . 
of  it.  Should  the  Architect  decide  that  no  extra  work  is  in- 
volved, the  Contractor  may  appeal  to  arbitration  before  com- 
mencing the  work,  but  in  any  case  he  shall  proceed  with  It  if 
so  ordered. 

Article  22.  Should  the  Architect  determine  that  any  al- 
terations in,  addition  to  or  deductions  from,  the  work  covered 
by  the  Contract  affect  the  contract  price,  then  their  value 
shall  be  determined  in  one  or  more  of  the  following  ways,  as 
may  be  selected  by  the  Owner: 

(A)  By  Unit  Prices  named  in  the  Contract  or  subse- 
quently agreed  upon,  in  which  case  the  Architect  shall  make 
the  award,  subject  to  arbitration. 

(B)  By  Cost  and  Percentage  or  Cost  and  a  I^ed  Fee, 
tinder  special  order  in  writing,  in  which  case  the  Contractor 
shall  keep  a  true  and  correct  account  of  the  net  cost  of  labor 
and  materials,  rendering  to  the  Architect,  at  required  inter- 
vals, detailed  statements  and  vouchers,  and  the  Architect 
shall  award  an  amount  as  cost  and  profit,  subject  to  arbi- 
tration. 

(C)  By  Estimate  and  Acceptance  In  a  lump  sum. 

(D)  In  case  an  agreement  as  to  price  cannot  be  reached 
or  in  case  the  Owner  should  refuse  to  employ  any  of  the 
above  methods,  the  Architect  may,  with  the  authority  of  the 
Owner,  by  a  special  order  in  writing,  direct  the  work  to  pro- 
ceed and  the  Contractor  shall  forthwith  proceed  and  leave 
the  price  to  be  settled  by  arbitration. 

Article  23.    Where  the  Contractor  is  thus  specially  ordered 
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In  writing  by  the  Owner  or  Architect  to  do  additional  work 
not  covered  by  unit  prices,  or  by  estimate  and  acceptance 
in  a  lump  sum,  the  Contractor  or  his  duly  authorized  agent 
shall,  unless  directed  to  the  contrary  by  the  Architect,  prior 
to  doing  such  work,  notify  the  superintendent  or,  in  his  ab- 
sence, the  Architect,  stating  his  intention  to  enter  upon  sudi 
work,  and  not  later  than  the  next  day  thereafter  he  shall 
deliver  to  the  superintendent  or  Architect  as  directed  a  writ- 
ten memorandum,  in  duplicate,  giving  in  detail  the 'amount 
of  materials  and  labor  incorporated  in  the  claim  for  the 
day,  together  with  his  proper  compensation  therefor.  Failure 
on  the  part  of  the  Contractor  so  to  notify  the  superintendent 
or  Architect  or  to  deliver  the  memorandum  relative  to  the 
day's  work  shall  be  canstrued  as  a  waiver  of  any  and  all 
claims  therefor.  The  duplicate  copy  of  the  above  mentioned 
memorandum  will  be  returned  to  the  Contractor  as  soon  there- 
after as  possible,  with  a  duly  certified  approval,  disapproval  or 
correction,  and  all  bills  for  extra  work  shall  be  rendered  oo 
the  basis  of  these  approved  daily  memoranda. 

Article  24.  Neither  the  Contractor  nor  any  sub-contractor, 
materialman,  nor  any  other  person  shall  file  or  maintain  a 
lien,  commonly  called  a  mechanic's  lien,  for  materials  deliv* 
ered  for  use  in,  or  work  done  in,  the  performance  of  this 
Contract,  and  the  right  to  maintain  such  lien  by  any  or  all 
of  the  above  named  parties  is  hereby  expressly  waived,  ex- 
cept in  the  event  of  the  failure  or  refusal  of  the  Owner  to 
pay  the  amount  called  for  by  any  certificate  of  the  Architect, 
within  ten  days  of  the  date  of  its  tender  to  the  Owner  for 
payment  Then,  and  in  such  case  only,  shall  any  of  the  above 
named  parties  have  the  right  to  file  and  maintain  a  me- 
chanic's lien. 

Payment  shall  not  become  due  unless  at  the  time  of  each 
payment  the  Contractor,  if  so  required,  and  in  any  event  at 
the  time  of  final  payment,  shall  deliver ^o  the  Owner  a  satis- 
factory release  of  all  liens  against  the  premises  on  the  part 
of  all  persons  who  have  delivered  materials  for  use  in,  or 
work  done  in,  the  performance  of  this  Contract  in  respect  of 
all  such  work  or  material  covered  by  the  payment  in  questiosL 
At  the  last  payment,  such  releases  shall  include  that  of  the 
Contractor  himself.  If  at  any  time  there  shall  be  evidence 
of  any  lien  or  claim  for  which,  if  established,  the  Owner  or 
the  premises  might  be  made  liable,  and  which  would  be 
chargeable  to  the  Contractor,  the  Owner  shall  have  the  right 
to  retain  out  of  any  payment  then  due,  or  thereafter  becom- 
ing due,  an  amount  sufficient  to  indemnify  himself  for  such 
Hen  or  claim  until  the  same  shall  have  been  effectually  dia- 


FORM  OP  CONTRACT  797 

charged  or  bonded.  If,  because  of  the  Contractor's  negli- 
gence or  default,  any  such  lien  or  claim  shall  remain  un- 
satisfied after  all  payments  are  made,  the  Contractor  shall 
refund  to  the  Owner  all  moneys  that  the  latter  may  be  com- 
pelled to  pay  in  discharging  such  lien  or  claim. 

Artfc  e  25.  The  Contractor  shall  set  aside  to  be  ex- 
pended as  the  Architect  shall  direct  the  amount  of  each  cash 
allowance  required  by  the  Contract.  The  Contractor  shall 
expend  and  pay  such  allowance  at  such  times  and  in  such 
amounts,  and  to  and  in  favor  of  such  persons  and  upon  such 
work  as  the  Architect  may  in  writing  direct,  and  the  Con- 
tractor shall  make  sub-contracts  with  such  parties  for  fur- 
nishing such  materials  and  labor,  and  he  shall  assume  the 
same  responsibility  for  their  work  as  for  other  portions  of 
his  work.  But  no  such  sub-contractor  shall  be  employed  up- 
on the  work  against  whom  the  Contractor  shall  make  objec- 
tion which  the  Architect  considers  reasonable,  or  who  will 
not  enter  into  an  agreement  with  the  Contractor  upon  con- 
ditions consistent  with  those  of  this  Contract. 

Except  where  specifically  provided  to  the  contrary,  all  cash 
allowances  shall  be  for  the  actual  net  cost  to  the  Contractor 
of  labor  and  material  only,  exclusive  of  office  or  other  ex- 
penses or  profit;  i.  e.,  the  Contractor  in  making  up  his  bid 
shall  add  such  sum  for  expenses  and  profit  on  account  of 
cash  allowances  as  he  deems  proper,  and  no  demand  for  ex- 
penses or  profit  other  than  those  included  in  the  contract 
sum  shall  be  allowed  by  the  Architect.  Cash  allowances  shall 
be  payable  by  the  Contractor  without  discount  or  deduction 
or  by  the  Owner  directly,  if  he  so  elect.  All  bills  for  labor 
and  materials  under  such  allowances  shall  be  submitted  to 
the  Architect  for  his  approval.  Proper  credit  or  debit  shall 
be  made  in  the  contract  price,  according  to  the  difference  be- 
tween the  total  cost  of  such  material  and  labor,  and  the 
total  of  cash  allowances  named  in  the  Agreement  or  Speci- 
fication, and  any  credit  balance  may  be  deducted  from  the 
contract  price  or  applied  by  written  order  of  the  Architect 
in  payment  for  additional  work  done  by  the  Contractor  on 
formal  written  order. 

Article  26.  Unless  specifically  provided  otherwise  in  the 
Agreement  the  Owner  and  the  Contractor  shall  each  protect 
his  own  interest  against  loss  or  damage  by  fire,  pending  full 
performance  by  the  Contractor  of  the  work  hereunder  and 
full  payment  therefor  by  the  Owner.  For  the  purpose  of 
maintaining  fire  insurance  as  far  as  concerns  this  Contract 
the  Owner's  interest  at  any  time  shall  be  held  to  amount 
to  the  sum  of  all  payments  which  he  shall  have  made  to  the 
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Contractor  on  account  of  this  Contract  For  the  same  poX' 
pose»  the  Contractor's  interest  Shall  be  held  to  consist  of 
any  and  all  insurable  value  under  and  pertaining  to  this 
Contract  not  above  defined  as  "Owner's  interest"  Loss  or 
damage  by  fire  shall  not  affect  the  rights  and  obligations  ot 
either  party  under  this  Contract,  except  that  in  such  erent 
the  Contractor  shall  be  entitled  to  reasonable  extension  ct 
time  for  the  performance  of  this  Contract,  as  provided  un- 
der Article  28.  "Contractor's  Claim  for  Extension  of  Time." 
The  Contractor  shall  upon  written  notice  from  the  Owner  im- 
mediately proceed  with  the  reinstallation  of  work  damaged  or 
destroyed,  and  the  Owner  shall  make  payments  to  the  Con- 
tractor on  account  of  reinstallation  upon  certificates  of  the 
Architect  issued  on  the  same  principles  as  govern  payments 
during  its  original  construction  as  provided  In  the  Agreement 
Should  the  Owner  and  the  Contractor  fail  to  agree  on  tste 
total  amount  thus  to  be  paid,  such  amount  shall  be  subject 
to  arbitration. 

Article  27.  Should  the  Owner  claim  damages  for  delay 
in  the  completion  of  the  work,  the  Architect,  it,  in  his  opin- 
ion, any  damages  be  payable,  shall  make  an  award,  and  shall 
write  the  amount  thereof  across  the  face  of  the  final  ce^ 
tiflcate  as  "amount  to  be  deducted  from  the  face  hereof  for 
delay  in  completion  of  the  work,"  but  such  amount  shall  be 
subject  to  arbitration.  Thereupon  the  Architect's  services 
in  this  matter  shall  terminate,  except  as  provided  under 
Article  38. 

Article  28.  Should  the  Contractor  be  delayed  in  the 
prosecution  or  completion  of  the  work  by  the  act,  neglect  or 
default  of  the  Owner,  or  of  anyone  employed  by  the  Owner, 
or  by  fire,  or  by  general  strikes  or  for  any  other  reaLon 
deemed  sufficient  by  the  Architect,  then  the  time  fixed  in  the 
Agreement  for  the  completion  of  the  work  shall  be  extended 
for  a  period  equivalent  to  the  time  lost  by  reason  of  any  and 
all  the  causes  aforesaid.  Such  extension  of  time  shall  be  de- 
termined and  fixed  by  the  Architect.  (Subject  to  arbitration.) 
But  no  such  allowance  shall  be  made  unless  a  claim  therefor 
Is  presented  In  writing  to  the  Architect  within  forty-eight 
hours  of  the  occurrence  of  such  delay. 

Article  29.  Should  the  Owner  fail  to  provide  all  labor  and 
materials,  not  included  in  this  Contract,  but  essential  to  the 
conduct  of  this  work.  In  .such  manner  as  not  to  delay  it* 
reasonable  progress,  or  should  the  Contractor  be  damaged 
by  any  act  or  omission  of  the  Owner,  the  right  of  the  Con- 
tractor to  compensation  for  the  damage  suffered,  whether  te 
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the  form  of  unusual  or  protracted  services  or  otherwise,  and 
the  amount  of  such  compensation  shall  be  determined  and 
awarded  by  the  Architect  (subject  to  arbitration) ;  but  no 
such  allowance  shall  be  made  unless  a  claim  therefor  is  made 
in  writing  or  by  telegraph  to  the  Architect  within  forty-eight 
hours  of  the  occurrence  of  such  damage. 

Article  30.  Should  the  Contractor  or  any  person  directly 
or  Indirectly  employed  by  him  cause  damage  to  the  material* 
apparatus  or  estecuted  work  of  any  other  contractor  em- 
ployed by  the  Owner  on  the  work,  or  cause  damage  by  way 
of  delay  or  otherwise  to  such  other  contractor,  such  other 
contractor  shall  in  writing  notify  the  Owner,  through  the 
Architect,  of  the  fact  within  forty-eight  hours  of  the  occur- 
rence of  such  damage  and  should  the  two  contractors  be  un- 
able to  reach  a  settlement  within  ten  days  thereafter  the 
Owner  shall  debit  the  Contractor  in  the  amount  that  the 
Architect  shall  decide  to  be  Just  and  shall  credit  that  amount 
to  the  other  contractor.  (Subject  to  arbitration.)  Should  the 
Contractor  sustain  damage  to  his  apparatus  or  materials  or 
executed  work  by  reason  of  delay  or  otherwise  at  the  hands 
of  some  other  contractor  he  shall  in  similar  manner  notify 
the  Owner,  and  should  the  two  contractors  be  unable  to  reach 
a  settlement  within  ten  days  thereafter  the  Owners  shall 
credit  the  Contractor  in  the  amount  that  the  Architect  shall 
decide  to  be  Just,  and  shall  debit  that  amount  to  the  other 
contractor.  (Subject  to  arbitration.)  The  Contractor  shall 
in  final  settlement  accept,  or  permit  the  deduction  of,  the 
amount  determined  by  the  Architect  or  by  arbitration.  The 
terms  of  Article  38,  entitled  "Arbitration,"  shall  in  all  ways 
control  any  arbitration  held  under  this  paragraph,  save  that 
each  contractor  shall  name  an  arbitrator  or  that  they  may 
agree  on  a  single  arbitrator*  the  Owner  in  either  case  nam- 
ing none. 

Article  31.  The  Contractor  shall  save  harmless  and  in- 
demnify the  Owner  from  every  claim  or  demand  which  may 
be  made  by  reason  of — 

1.  Any  injury  to  person  or  property  sustained  by  the 
Contractor  or  by  any  person,  firm  or  corporation  employed  di- 
rectly or  indirectly  by  him  upon  or  in  connection  with  his 
work,  however  caused,  except  as  provided  by  Article  29. 

2.  Any  Injury  to  person  or  property  sustained  by  any  per- 
son, firm  or  corporation,  caused  by  any  act,  neglect,  default  or 
omission  of  the  Contractor  or  of  any  person,  firm  or  corpora- 
tion directly  or  indirectly  employed  by  Jiim  upon  or  in  con- 
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nection  with  his  work,  whether  the  said  injury  or  damage 
occur  upon  or  adjacent  to  the  work. 

And  the  Contractor  at  his  own  cost,  expense  and  risk 
shall  defend  any  and  all  actions,  suits  or  other  legal  proceed- 
ing that  may  be  brought  or  instituted  against  the  Owner  ou 
any  such  claim  or  demand,  and  pay  or  satisfy  any  Judgment 
that  may  be  rendered  against  the  Owner  in  any  such  action, 
suit  or  legal  proceeding  or  result  thereof. 

Article  32.  Should  the  Contractor  by  his  own  fault  or 
negligence  delay  the  completion  of  the  work,  thereby  necee- 
sitating  unusual  or  protracted  services  or  expenses  on  the 
part  of  the  Architect  or  the  clerk  of  the  works,  the  Owner 
shall  be  entitled  to  retain  from  the  amount  otherwise  to  be- 
come due  to  the  Contractor,  an  amount  sufficient  to  reimburse 
them  for  such  protracted  or  unusual  services  or  expeoaes. 
(Subject  to  arbitration.) 

Article  33.  Should  the  Contractor  become  insolvent,  or  at 
any  time,  except  in  case  of  a  general  strike,  refuse  or  fall  to 
supply  a  sufficiency  of  properly  skilled  workmen  or  of  ma- 
terials of  the  proper  quality,  or  fall  .in  the  performance  of 
any  of  his  obligations  under  the  Contract,  such  refusal  or 
failure  being  certified  by  the  Architect  to  both  Owner  and 
Contractor  as  sufficient  ground  for  such  action,  the  Owner 
shall  be  at  liberty,  without  prejudice  to  any  other  right  or 
remedy  he  may  have,  to  provide,  after  giving  the  Contractor 
three  days'  written  notice,  any  such  labor  or  materials,  and 
to  deduct  the  cost  thereof  from  any  money  then  due  or 
thereafter  to  become  due  to  the  Contractor  under  the  Con- 
tract 

Article  34.  If  the  Architect  shall  certify  to  both  Owner 
and  Contractor  that  such  refusal  or  failure  is  sufficient  ground 
for  such  action,  the  Owner  shall  also  be  at  liberty,  without 
prejudice  to  any  other  right  or  remedy  he  may  have,  after 
giving  the  Contractor  three  days'  notice,  to  terminate  the  em- 
ployment  of  the  Contractor  for  said  work,  and  for  the  pur- 
pose of  completing  the  work,  to  enter  upon  the  premises  and 
take  possession  thereof,  and  of  all  materials,  tools  and  ap- 
pliances thereon,  and  to  employ  any  other  person  or  personi: 
to  finish  the  work,  and  to  provide  the  materials  therefor.  In 
case  of  such  discontinuance  of  the  employmnt  of  the  Con- 
tractor, he  shall  not  be  entitled  to  receive  any  further  pay- 
ment until  the  said  work  shall  be  wholly  finished,  at  which 
time.  If  the  unpaid  balance  of  the  amount  to  be  paid  ahall 
exceed  the  expenses  Incurred  by  the  Owner  in  finishing  the 
Work,  including  proper  compensation  to  the  Architect  for  his 
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additional  service  in  connection  therewith,  such  excess  shall 
be  paid  by  the  Owner  to  the  Contractor.  But  if  such  expense 
shall  exceed  such  unpaid  balance,  the  Contractor  shall  pay  the 
diiference  to  the  Owner.  The  expense  incurred  by  the  Owner 
as  herein  provided,  either  for  furnishing  materials  or  for 
finishing  the  work,  and  any  damage  incurred  through  such  de- 
fault, shall  be  audited  and  certified  by  the  Architect. 

Article  35.  Should  the  Owner  fail  to  pay  to  the  Con- 
tractor any  sum  named  in  a  certificate  of  the  Architect  as 
due  from  Uie  Owner  to  the  Contractor  within  ten  days  of  its 
presentation  to  the  Owner  in  person  or  at  his  last  known  ad- 
dress, the  Contractor  may  give  him  written  notice  of  such 
ftiilure,  and  should  he  within  a  further  period  of  five  days 
fail  to  pay  the  said  sum,  or  if  the  work  should  be  stopped 
under  an  order  of  any  Court  of  Law  for  a  period  of  Uiree 
months  through  no  action  or  fault  of  the  Contractor  or  of 
any  one  directly  or  indirectly  employed  or  instigated  by  him, 
then  the  Contractor  shall  be  at  liberty  to  terminate  this  Con- 
tract by  notice  in  writing  given  to  the  Owner  and  the  Archi- 
tect and  to  recover  from  the  Owner  payment  for  all  work  ex- 
ecuted,- and  for  any  loss  he  may  have  sustained  upon  any 
plant  or  material  supplied  or  purchased  for  the  purpose  of 
this  Contract  and  for  reasonable  profit  and  damages. 

Should  the  Owner  fail  to  pay  the  sum  named  in  any  cer- 
tificate of  the  Architect  within  ten  days  of  its  presentation  to 
.him  or  at  his  last  known  address,  the  Contractor  shall  re- 
ceive, in  addition  to  the  sum  named  in  the  certificate,  inter- 
est thereon  at  the  rate  of  five  per  cent  per  annum  until  the 
payment  of  such  certificate. 

Article  36.  The  Contractor  shall  under  no  circumstances 
assigns  this  Contract  without  the  written  permission  of  the 
Owner. 

Article  37.  The  Owner  reserves  the  right  to  let  contracts 
other  than  this  one  in  connection  with  this  work. 

Article  38.  In  any  case  in  which  an  appeal  to  arbitration 
is  permitted  under  this  Contract,  the  Owner  or  Contractor 
may  demand  arbitration  by  filing  with  the  Architect,  within 
ten  days  of  the  receipt  of  the  decision  from  which  he  ap- 
peals, a  written  notice  of  such  demand,  sending  at  the  same 
time  a  copy  thereof  to  the  other  party  to  the  Contract.  In 
case  no  such  notice  be  filed  within  ten  days,  both  parties 
shall  lose  the  right  of  appeal  and  the  decision  of  the  Architect 
shall  stand  as  final.  In  case  such  notice  be  filed  three  dis- 
interested arbitrators  shall  be  chosen,  one  by  the  Owner,  one 
by  the  Contractor  and  the  third  by  these  two  arbitrators,  and 
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the  difference  or  dispute  shall  be  submitted  to  them  for  arbl- 
tration.  Should  the  party  filing  notice  fall  to  choose  an 
arbitrator  within  ten  days  of  filing  such  notice,  his  right  to 
arbitration  shall  lapse,  and  the  decision  of  the  Architect  shall 
stand  as  final.  Should  the  other  party  fail  to  choose  an  arbi> 
trator  within  ten  days  of  the  filing  of  the  notice,  then  the 
Architect  shall  appoint  an  arbitrator  who,  with  the  other 
arbitrator,  shall  choose  a  third.  Should  either  party  refuse  or 
neglect  to  supply  the  arbitrators  with  any  papers  or  informa- 
tion considered  necessary  by  them  and  demanded  in  writing, 
the  arbitrators  are  empowered  by  both  parties  to  take  ex 
parte  proceedings. 

The  arbitrators  shall  act  with  promptness.  The  decisioo 
of  any  two  of  them  shall  be  binding  on  both  parties  hereta 
The  decision  t>f  the  arbitrators  upon  any  question  subject  to 
arbitration  under  the  terms  of  this  Contract  shall  be  a  cc»i- 
dition  precedent  to  any  right  of  legal  action  by  either  Owner 
or  Contractor. 

The  arbitrators,  if  they  deem  that  the  case  demands  it, 
are-  authorized  to  award  to  the  party  whose  contention  is 
sustained  such  sums  as  they  shall  deem  proper  for  the  time, 
expense  and  trouble  incident  to  the  appeal,  and  this  sum 
may  be  named  in  cases  where  the  claim  is  set  aside  in  whole, 
or  as  an  addition  to  or  deduction  from  the  amount  of  the 
principal  award.  The  arbitrators  shall  assess  the  costs  and 
charges  of  the  arbitration  upon  either  or  both  parties,  in 
such  proportion  as  the  arbitrators  shall  deem  just. 

In  lieu  of  the  three  arbitrators  hereinbefore  provided  for. 
the  parties  may  by  mutual  agreement  name  a  single  arbl* 
trator,  and  in  such  case  the  proyisions  of  this  Article  shall 
otherwise  apply. 

The  Architect 

Article  39.  Save  only  in  cases  in  which  an  appeal  to  arbi* 
tration  is  permitted  by  these  General  Conditions,  the  final  de- 
cision of  all  questions  arising  under  this  Contract  shall  be 
made  and  given  by  the  Architect,  and  both  the  Owner  and  the 
Contractor  shall  be  bound  thereby,  and  such  decision  shall  be 
a  condition  precedent  to  any  right  of  legal  action  by  either 
Owner  or  Contractor. 

Article  40.  The  parties  to  the  Contract  recognise  the 
Architect  as  the  interpreter  of  the  Contract  Documents,  and 
in  that  capacity  he  is  to  define  their  true  intent  and  mean- 
ing. He  is  not  the  agent  of  the  Owner  except  in  stmctnral 
emergencies  (Article  41)  and  except  when  in  special  in* 
stances  he  is  authorized  by  the  Owner  so  to  act 
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Article  41.  The  Architect  has  authority  to  stop  the  pro- 
gress of  the  work  whenever,  in  his  opinion,  such  stoppage 
may  be  necessary  to  insure  the  proper  execution  of  the  Con- 
tract In  an  emergency  affecting  the  safety  of  life  or  of  the 
structure  or  of  adjoining  property,  he  is  hereby  empowered 
to  act  as  the  Owner's  agent,  and,  if  he  so  elect,  to  make 
such  changes  or  to  order  such  work,  extra  to  the  Contract 
or  otherwise,  as  may  in  his  opinion  be  advisable. 

Article  42.  In  case  of  the  termination  of  the  employment 
of  the  Architect  or  his  successors,  the  Owner  shall  appoint  a 
capable  and  reputable  Architect,  whose  duties  and  authority 
under  the  Contract  shall  be  those  of  the  former  Architect. 

The  Contractor 

Article  43.  The  Contractor,  if  required,  shall  prepare,  in 
consultation  with  the  Architect,  a  schedule  fixing  dates  for  the 
beginning  of  manufacture  and  installation  of  materials  and 
for  the  completion  of  the  various  parts  of  the  work. 

Article  44.  The  Contractor,  unless  otherwise  expressly 
provided,  shall  furnish  and  install  all  material  and  shall  fur- 
nish all  labor,  water,  apparatus,  light  and  power  necessary 
for  the  complete,  prompt  and  satisfactory  execution  of  the 
work  and  for  properly  connecting  and  co-ordinating  his  work 
with  that  of  other  contractors. 

Article  45.  The  Contractor  shall  confine  the  storage  of 
materials  and  operations  of  his  workmen  to  the  liipits  in- 
dicated by  law,  ordinances,  permits  or  by  the  Architect,  and 
shall  not  unnecessarily  encumber  the  premises  with  his  ma- 
terials. 

Article  46.  The  Contractor  shall  submit  in  writing  the 
names  and  references  of  all  proposed  sub-contractors  to  the 
Architect  who  shall  have  the  right  to  reject  such  as  he  deems 
unsatisfactory,  and  the  Contractor  shall  not  sublet  any  por- 
tion of  the  work  without  the  written  permission  of  the  Archi- 
tect. Such  permission  shall  not,  however,  relieve  the  Con- 
tractor from  responsibility  for  the  conduct  and  work  of  his 
sub-contractors. 

Article  47.  The  Contractors  in  subletting  any  part  of  the 
work  shall  make  contracts  by  which  his  sub-contractors  shall 
be  bound  by  the  terms  of  these  Contract  Documents  as  far 
as  applicable  to  the  work  sublet.  He  shall  properly  direct 
and  control  his  sub-contractors  being  responsible  for  the 
correlation  of  his  own  work  and  that  of  his  sub-contractors. 
Should  the  Contract  Documents  assign  certain  responsibilities 
to  sub-contractors  the  Contractor  is  not  thereby  relieved  of 
Buch  or  of  any  responsibilities  for  the  entire  work  or  any 
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part  thereof.  The  Contractor  shall  promptly  transmit  to  hSs 
sub-contractors  all  Drawings  and  SpecMlcations  bearing  oo 
their  work. 

Article  48.  The  Contractor  shall  afford  other  contracton 
employed  by  the  Owner  every  reasonable  facility  for  the 
storage  and  introduction  of  their  materials  and  for  erectioa 
of  their  work. 

Article  49.  The  Contractor  shall  keep  a  competent  general 
foreman  and  any  necessary  assistants,  satisfactory  to  the 
Architect,  in  charge  during  the  progress  of  the  work.  The 
general  foreman  shall  not  be  changed  except  with  the  con- 
sent or  at  the  instance  of  the  Architect.  The  foreman  shall 
represent  the  Contractor  in  his  absence,  and  all  directions 
as  to  the  conduct  of  the  work  given  to  him  shall  be  as  binding 
as  if  given  to  the  Contractor,  provided  that  on  request  such 
directions  be  given  in  writing. 

Article  50.  The  Contractor  shall  not  do  any  work  without 
proper  drawings  or  instructions,  and  shall,  at  his  own  ex- 
pense, replace  any  work  wrongly  executed,  whether  from  lack 
of  such  drawings  or  instructions  or  otherwise. 

Article  51.  The  Contractor,  as  a  part  of  his  services,  shall 
give  personal  supervision  to  the  work,  and  he  shall  carefully 
study  and  compare  all  Drawings,  Specifications  and  other 
Information  given  to  him  by  the  Architect,  as  to  figures,  ma- 
terials ^and  methods  of  construction,  using  therein  the  skill 
and  experience  for  which  he  receives  compensation  under 
this  Contract,  and  shall  immediately  report  to  the  Architect 
for  rectification  any  error,  inconsistency  or  omission  therein 
which  he  shall  discover. 

Article  52.  The  Contractor  shall  measure  work  already  In 
place,  to  insure  the  proper  execution  of  his  subsequent  work, 
or  for  the  information  of  the  Architect;  and  should  any  dis- 
crepancy between  the  executed  work  and  the  drawings  be  dis- 
covered, he  shall  report  it  at  once  to  the  Architect 

Article  53.  The  Contractor  shall,  at  his  own  expense,  ob- 
tain for  the  Owner  all  necessary  permits  and  licenses,  except 
permanent  easements,  give  all  necessary  notices,  pay  all  fees 
required  by  law,  and  comply  with  all  laws,  ordinances,  rules 
and  regulations  relating  to  the  work,  and  to  the  preservation 
of  the  public  health  and  safety.  If  the  Drawings  and  Speci- 
fications are  at  variance  therewith,  he  shall  so  notify  the 
Architect  in  writing,  stating  the  effect  of  such  compliance 
upon  the  contract  price. 

Article  54.  The  Contractor  shall  furnish,  within  a  rea- 
sonable time,  whenever  required,  and  in  the  manner  directed. 
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reports  showing  the  progress  and  status  of  the  work  at  the 
building  and  in  the  shops. 

Article  55.  The  Contractor  shall,  when  required,  produce 
satisfactory  evidence  to  show  the  kind  and  quality  of  mater- 
ials used,  and  furnish  duplicate  labeled  samples  of  materials 
and  workmanship,  with  sufficient  information,  for  the  Archi- 
tect's approval,  and  the  materials  furnished  shall  have  the 
same  character,  finish,  color  and  texture  as  the  approved 
samples,  and  the  workmanship  shall  be  equal  to  that  of  the 
samples. 

Article  56.  The  Contractor  shall  pay  all  royalties  and  li- 
cense fees,  and  shall  save  the  Owner  harmless  from  loss  or 
annoyance  on  account  of  suits  or  claims  of  any  kind  for  vio- 
lation or  infringement  of  any  letters  patent  or  patent  rights 
by  the  Contractor  or  any  one  directly  or  indirectly  employed 
by  him  or  by  reason  of  the  use  by  him  or  them  of  an  art, 
machine,  manufacture  or  composition  of  matter  on  the  works 
In  violation  or  Infringement  of  such  letters  or  rights. 

Article  57.  The  Contractor  shall  not  allow  waste  material 
or  rubbish  caused  by  his  employes  to  accumulate  in  or  about 
the  premises,  but  shall  promptly  remove  the  same  and  at  the 
completion  of  the  work  he  shall  thoroughly  remove  all  his 
rubbish  from  and  about  the  building,  and  all  tools,  scafTolding 
and  surplus  materials,  and  shall  leave  his  work  thoroughly 
cleaned  and  ready  for  use.  In  case  of  dispute  the  Owner  will 
remove  the  rubbish  and  charge  the  cost  of  work  to  the  con- 
tractors pro  rata. 

Article  58.  The  Contractor  shall  promulgate  and  enforce 
rules  to  prevent,  and  it  shall  be  his  duty  to  prevent: 

1.  The  lighting  of  open  fires  upon  the  premises,  in  or 
dangerously  near  the  building. 

2.  Smoking  within  the  building  after  the  roof  is  on. 

3.  The  erection  on  or  about  the  premises  of  any  sign,  bill- 
board or  other  advertisement  by  the  Contractor  or  his  sub- 
contractors, except  by  written  permission  of  the  Architect. 

4.  The  loading  of  any  part  of  the  structure  with  a  weight 
greater  than  it  is  calculated  to  bear. 

Article  59.  The  Contractor  shall  cover  and  protect  his 
materials  and  work  from  damage  by  the  elements,  or  from 
any  other  cause.  In  a  manner  satisfactory  to  the  Architect  and 
shall  efficiently  maintain  such  covering  and  protection. 

Article  60.  The  Contractor  shall,  at  his  own  expense,  make 
good,  to  the  Architect's  satisfaction,  any  damage  to  his  work 
from  the  action  of  the  elements,  or  any  other  cause,  except 
such  damages  as  are  contemplated  in  Article  19. 


r 
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Article  61.  The  Contractor  shall  do  all  catting,  fitting  or 
patching  of  his  work  that  may  be  required  to  make  its  sevenl 
parts  come  together  properly  and  fit  it  to  receive  or  be  re- 
ceived by  work  of  other  contractors,  shown  upon,  or  rea- 
sonably implied  by,  the  Drawings  and  Specifications  for  the 
completed  structure,  and  he  shall  make  good  after  them,  as 
the  Architect  may  direct  But  the  Contractor  shall  not  en- 
danger the  stability  of  the  structure  or  any  part  thereof  by 
cutting  or  digging  or  otherwise,  alld  shall  not  in  any  way  cot 
or  alter  the  work  of  any  other  contractor,  save  with  the  con- 
sent and  under  the  direction  of  the  Architect 

Article  62.  .The  Contractor  shall  maintain  such  insurance 
as  will  adequately  protect  him  and  the  Owner  from  claims  for 
damages  for  personal  injuries,  arising  directly  or  Indirectly 
from  operations  under  this  Contract,  and  he  shall  be  liable  to 
the  Owner  for  failure  to  maintain  such  insurance,  and  shall, 
if  required  by  the  Owner,  submit  the  policies  to  him  for  ap- 
proval. 

Article  63.  If  any  part  of  the  Contractor's  work  is  de- 
pendent for  its  proper  execution  or  for  its  subsequent  efllcacy 
or  appearance  on  the  character  or  condition  of  associated  or 
contiguous  work  not  executed  by  him,  the  Contractor  shall 
examine  such  associated  or  contiguous  work  and  shall  report 
to  the  Architect  in  writing  any  imperfection  therein  or  any 
conditions  that  render  it  unsuitable  for  the  reception  of  his 
work.  In  case  the  Contractor  proceeds  without  making  such 
written  report,  he  shall  be  held  to  have  accepted  such  other 
work  and  the  existing  conditions  and  shall  be  responsible  for 
any  defects  in  his  own  work  consequent  thereof,  and  shall  not 
be  relieved  of  the  obligation  of  any  guarantee  because  of  any 
such  imperfection  or  condition. 

APPENDIX  TO  THE  GENERAL  CONDITIONS  OF  THE 
CONTRACT 

In  many  cases  the  sixty-three  Articles  printed  will  not  In- 
clude all  necessary  General  Conditions  of  the  Contract  The 
Architect  will  then  add  to  them  such  others  as  he  deems 
wise. 

Many  architects  include  in  their  General  Conditions  one 
or  more  of  the  subjects  named  below.  It  would  seem  that 
many  of  these  should  appear  in  the  specifications  for  the 
various  trades,  and  that  others,  though  suited  for  Inclusion 
in  the  General  Conditions,  are  not  invariably  needed.  These 
subjects  are: 
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Watchmen,  Heating  during  Construction,  Protection  and 
Care  of  Trees  and  Shrubs,  Protective  Coverings  in  general. 
Vault  Permit,  Sidewalks,  Fences,  Ladders,  Temporary  Stair- 
ways, Scaffolding,  Sheds,  Sanitary  Conveniences,  Offices  and 
their  Furniture,  Telephone,  Temporary  Wiring  and  Electric 
Lights,  Lanterns,  Temporary  Enclosures  from  Weather,  Keep- 
ing Building  and  Cellar  free  from  Water,  Chases,  Photo- 
graphs, Checking  by  Surveyor  and. his  Certificate,  Contractor 
to  Work  Overtime  if  Required,  Time  of  Completion  of  the  Es- 
sence of  the  Contract,  Earthquake  Insurance,  Owner  to  fur- 
nish Survey,  Contractors  to  Lay  Out  the  Work,  Giving  Lines 
and  Levels,  Owner's  Contingent  Policy  of  Accident  Insurance, 
Bracing  Building  during  Construction,  Damage  to  Adjoining 
Property  by  Movement  or  Settlement,  Stoppage  of  Work  in 
Freezing  Weather,  etc. 

Liens 

Owing  to  the  diversity  of  the  lien  laws  in  the  several 
States,  it  is  impracticable  to  draft  an  article  suited  for  use 
in  all,  but  it  Is  thought  that  Article  24  is  of  very  general 
applicability.  In  certain  States  it  is  necessary  as  a  bar  to 
liens,  that  the  Agreement,  or  at  least  the  lien  clauses  of  the 
Contract,  be  publicly  filed  or  recorded. 

Fire  Insurance 

The  scheme  for  effecting  and  settling  insurance,  described 
in  the  following  paragraph,  has  had  much  .consideration. 
As  it  has  not  been  tried  in  practice  it  is  thought  wiser  to 
include  in  the  body  of  the  General  Conditions  the  shorter 
form,  but  the  following  is  presented  for  the  consideration 
of  members,  as  possibly  preferable  under  certain  conditions, 
and  as  having  the  approval  of  the  representatives  of  the 
National  Board  of  Fire  Underwriters.  The  "Trustee"  herein- 
after mentioned  may,  of  course,  be  agreed  upon  at  the  time 
of  the  signing  of  the  Contract,  or  subsequently  named  by  the 
Architect. 

The  Owner  shall  maintain  fire  insurance  upon  the  build- 
ing in  all  stages  of  construction,  and  upon  all  materials  in 
or  about  the  premises,  not  including  Contractor's  tools  and 
appliances,  to  the  full  amount  of  the  Architect's  estimate  of 
the  value  of  the  building,  so  far  as  completed,  and  of  such 
materials.  The  policies  shall  be  taken  out  in  the  name  of 
the  Owner  "for  account  of  whom  it  may  concern,  upon  their 
joint  and  several  interests  in"  the  building  and  materials 
described.    The  loss,  if  any,  shall  be  made  adjustable  with 
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the  Owner,  and  payable  to  a  Trustee  to  be  named  by  tbe 
Architect  Within  ten  days  after  the  occurrence  of  any  loss 
covered  by  the  policies,  the  Contractor  shall  deliver  to  the 
Owner  a  complete  schedule  of  (1)  labor  and  materials  neces- 
sary for  rebuilding,  restoring  and  replacing  the  work  or  the 
materials  destroyed  or  damaged,  and  (2)  their  true  value, 
tosefher  with  a  sworn  statement  that  such  schedule  and 
valuation  are  full  and  correct  All  moneys  paid  for  losses 
under  the  policies  shall  be  held  by  the  Trustee  aforesaid  for 
distribution  to  the  Owner,  the  Contractor  and  all  other  per- 
sons having  insurable  Interests  in  building  or  in  materials 
upon  the  premises,  as  their  interests  may  be  determined. 
The  Trustee  shall  disburse  the  insurance  moneys  in  accord- 
ance with  the  agreement  reached  by  the  Owner,  the  Con- 
tractor and  other  persons  having  Insurable  interests  under 
this  policy,  or  as  determined  by  arbitration;  but  he  shall 
make  payments  to  contractors  only  upon  the  Architect's  cer- 
tificates of  reinstallation  of  the  work.  If  the  Owner,  the 
Contractor  and  the  other  persons  interested  in  the  Insur- 
ance should  fail  to  agree  upon  a  distribution,  the  matter  shall 
be  referred  to  arbitration,  as  provided  in  Article  38  of  the 
General  Conditions,  the  Owner  appointing  one  arbitrator,  the 
Contractor  and  the  other  persons  having  insurable  interests 
appointing  a  second  arbitrator,  and  these  two  appointing  a 
third.  The  Contractor  agrees  that  If  the  Owner  maintains 
Insurance  as  above  provided,  he  will  not  make  upon  the 
Own^f  any  claim  for  loss  through  fire  beyond  the  Contractor's 
interest  under  the  policies  of  insurance  maintained  by  the 
Owner  under  this  Article.  In  case  of  fire  the  Contractor 
shall  not  be  released  or  relieved  in  any  way  from  the  obliga- 
tion to  complete  the  work  under  contract,  notwithstanding 
the  cost  of  so  doing  may  exceed  the  contract  price,  or  the 
amount  recovered  as  his  share  of  the  insurance;  and  the 
Contractor  shall  proceed  with  the  work  forthwith,  and  with- 
out awaiting  a  decision  as  to  the  distribution  of  insurance 
money,  and  shall  make  good  all  his  work  or  materials  des- 
troyed or  damaged.  All  fire  insurance  policies  upon  the 
building  or  upon  materials  upoA  the  premises  shall  be  kept 
in  the  custody  of  the  Architect  and  shall  be  open  to  inspec- 
tion by  the  Owner,  the  Contractor  and  others  having  insur- 
able interests.  Upon  the  request  of  any  person  having  an 
insurable  Interest  under  such  policies,  the  Architect  shall 
deliver  to  such  person  a  certificate  setting  forth  briefly  the 
terms  and  the  amounts  of  the  policies,  and  the  facts  so  far 
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as  they  are  within  the  personal  knowledge  of  the  Architect, 
upon  which  such  person  claims  an  Insurable  interest. 

If  the  Owner  falls  to  maintain  insurance  as  provided  in 
this  Article,  the  Contractor  may  terminate  the  Contract; 
but  the  Contractor  may  terminate  the  Contract,  under  this 
provision,  only  at  a  time  when  building  and  materials  are 
not  insured  as  provided  in  this  Article.  If  the  Contractor 
or  any  sub-contractor  takes  out  fire  insurance  upon  his  in- 
terest in  the  building  or  in  materials  upon  the  premises,  he 
shall  not  have,  while  such  insurance  is  in  force,  any  right 
Ui  participate  under  any  policy  taken  out  by  the  Owner. 

A  Suggested  Clause  Relative  to  Payments 

When  the  system  of  monthly  payments  is  adopted,  the 
following  form  may  be  used  in  filing  the  blank  in  Article 

4  of  the  Agreement.     "On  or  about  the   day  of 

each  month per  cent  of  the  value,  proportion- 
ate to  the  amount  of  the  Contract,  of  labor  and  materials 
wrought  into  the  building  up  to  the  first  day  of  that  month, 
as  estimated  b/  the  Architect,  less  the  aggregate  of  previous 
payments.    On  the  satisfactory  completion  of  the  entire  work, 

a  sum  sufficient  to  Increase  the  total  payments  to  

per  cent  of  the  value  of  the  work,  and days  there- 
after the  balance  due  under  the  Contract" 

STANDARD  FORM  OP  AGREEMENT  OP  THE  AMERICAN 
INSTITUTE  OP  ARCHITECTS 

This  form  Is  to  be  used  only  with  the  Standard  General 
Conditions  of  the  Contract.  In  it  Owner,  Contractor  and 
Architect  are  treated  as  of  the  singular  number  and  mascu- 
line gender. 

This  Agreement  made  the  day  of 

in  the  year  Nineteen  Hundred  and  

by  and  between   

hereinafter  called  the  Contractor  and  

hereinafter  called  the  Owner 

Witnesseth,  that  the  Contractor  and  the  Owner  for  the  cott 
siderations  herein  named  agree  as  follows: 

Article  1.  The  Contractor  agrees  to  provide  all  the  ma- 
terials and  to  perform  all  the  work  shown  on  the  Drawings 
and  described  in  the  Specifications  entitled        (Here  insert  the 

caption  descriptive  of  tbo  work  &9  uned  In  the  Proposal,  SpeciflcatloQS,  General 
CoDilitiontJ   niiil   upon   lite   Drawings.) 


pj%fnTed  by 
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acting  as,  and  in  tliese 

Contract  Documents  entitled' the  Architect,  and  to  do  to  the 
satisfaction  of  the  Arcliitect  everything  reqoired  by  the 
Drawings,  Specifications  and  General  Conditions. 

Article  2.     The  Contractor  agrees  to  complete  the  wort 
by  and  at  the  following  time  or  times,  to  wit: 


and  to  pay  or  allow  the  Owner  as  liquidated  damages,  the 

sum  of  (I )  fbr 

each  day  thereafter,  Sundays  and  legal  holidays  not  Included, 
that  the  work  remains  uncompleted. 

Article  3.     The  Owner  agrees  to  pay  the  Contractor  In 

current  funds  for  the  performance  of  the  Contract  

(I )  subject  to  addi- 
tions and  deductions  as  provided  in  the  General  Conditions 
of  the  Contract 

Article  4k  The  Owner  agrees  to  make  payments  on  ae* 
count  of  this  Contract  on  the  certificate  of  the  Architect,  as 
follows: 


In  no  case,  however,  shall  the  Contractor  be  entitled  to  a 
payment  which,  in  the  judgment  of  the  Architect,  will  leave 
the  balance  withheld  insufficient  to  complete  the  work. 

Article  5.  The  Contractor  and  the  Owner  agree  that  the 
Drawings  with  all  notes  now  thereon,  the  Specifications  and 
the  General  Conditions  of  the  Contract  are,  together  with  this 
Agreement,  the  Documents  forming  the  Contract,  and  that 
the  .said  Drawings,  Specifications  and  General  Conditions 
are  as  fully  a  part  of  the  Contract  as  if  hereto  attached  or 
herein  repeated;  and  that  should  the  Contractor  and  the 
Owner  fail  to  sign  them  the  identification  of  them  by  the 
Architect  shall  be  binding  on  both  parties. 


The  Contractor  and  the  Owner  for  themselves,  their  suc- 
cessors, executors,  administrators  and  assigns,  hereby  agree 
that  they  will  in  all  ways  be  bound  by  the  Documents  form- 
ing the  Contract,  and  that  they  will  abide  by  and  will 
promptly  and  fully  carry  out  all  decisions  given  thereunder, 
and  that  they  will  fully  perform  all  of  the  convenants  and 
agreements  therein  contained,  in  witness  whereof  they  have 
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hereunto  set  their  hands  and  seals*  the  day  and  year  first 
above  written. 
In  Presence  of 


1 


.(Seal) 


(Seal) 

(This  Agreement  Is  not  Intended  to  diminish  the  use  of 
the  Uniform  Contract,  the  publication  of  which  is  continued 
by  the  American  Institute  of  Architects  and  the  National  As* 
Boclatlon  of  Builders.  This  Agreement  Is  Issued  In  two  styles, 
identical  In  wording:  One»  Style  A,  Is  Intended  for  carbon 
4apllcatlon,  the  other,  Style  B,  Is  Intended  for  reproduction 
by  blue-printing.    This  Is  Style  A.) 

STANDARD  FORM  OF  BOND  OF  THE  AMERICAN  IN8TI* 
TUTE  OF  ARCHITECTS 

Know  all  Men  by  these  Presents:    That  we       (Here  insert  tli« 

name  and   addren  of  the  Contractor.) 


hereinafter  called  the  Principal,  and 

and 

and 


hereinafter  called  the  Surety  or  Sureties  are  held  and  firmly 
bonnd  unto 

hereinafter  called  the  Owner,  In  the  sum  of 

(I ) 

for  the  payment  whereof  the  Principal  and  the  Surety  or 
Sureties  bind  themselves,  their  heirs,  executors,  adminis- 
trators, successors  and  assigns,  jointly  and  severally,  firmly, 
by  these  presents. 

Whereas,  the  Principal  has,  by  means  of  a  written  Agree- 
ment, dated  

entered  into  a  contract  with  the  Owner  for 

a  copy  of  which  Agreement  is  hereto  annexed; 
Now,  Therefore,  the  Condition  of  this  Obligation  is  such  that 
if  the  Principal  shall  faithfully  perform  the  (Contract  on  his 
part,  and  satisfy  all  claims  and  demands  incurred  for  the 
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same,  and  fully  Indemnify  and  save  harmless  the  Owner 
from  all  cost  and  damage  which  he  may  suffer  by  reason  of 
failure  so  to  do,  and  shall  fully  reimburse  and  repay  the 
Owner  all  outlay  and  expense  which  the  Owner  may  incur  In 
making  good  any  such  default,  then  this  obligation  shall  be 
null  and  void;  otherwise  it  shall  remain  in  full  force  and 
effect 

Provided,  however,  that  no  suit,  action  or  preceding  by  rea- 
son of  any  default  shall  be  brought  on  this  Bond  after 
.'  months  from  the  day  on  which  the  final  pay- 
ment under  the  Contract  is  made;  and  that  service  of  writ 
or  process  commencing  any  such  suit,  action  or  proceeding 
shall  not  be  made  after  such  date. 

And  Provided,  that  any  alterations  which  may  be  made  In 
the  terms  of  the  Contract,  or  in  the  work  to  be  done  under 
it,  or  the  giving  by  the  Owner  of  any  extension  of  time  for 
the  performance  of  the  Contract,  or  any  other  forbearance 
on  the  part  of  either  the  Owner  or  the  Principal  to  the  other 
shall  not  in  any  way  release  the  Principal  and  the  Surety  or 
Sureties,  or  either  or  any  of  them,  their  heirs,  executors,  ad- 
ministrators, successors  or  assigns  from  their  liability  here* 
under,  notice  to  the  Surety  or  Sureties  of  any  such  alteration 
extension  or  forbearance  being  hereby  waived. 

Signed  and  Sealed  this day  of 

19... 

in  Presence  of 


.  (Seal) 
'(Seal) 
.(Sekl) 
'(Seai) 


THE  UNIFORM  CONTRACT 

Form  of  Contract  Adopted  and  Recommended  for  General 
Use  by  the  American  Institute  of  Architects  and  the  Na- 
tional Association  of  Builders. 

'  Copyright,    1906,    by    the    American    Institute    of    Architects,    WsshlBftoa, 
D.   C.     B.  O.  Soltmann,   N.   Y.,   Uceniiee  for  BzcIdsIto  PubUcatkui. 
(Berised    1907) 

This  Agreement,  made  the day  of 

in  the  year  one  thousand  nine  hundred  and 

by  and  between  

party  ol 


^ 
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the  first  part  (hereinafter  designated  the  Contractor    ).  and 

party 

of  the  second  part  (hereinafter  designated  the  Owner  )» 
WItneaseth  that  the  Contractor  ,  in  consideration  of  the 
agreements  herein  made  by  the  Owner  ,  agree  with  the 
said  Owner      as  follows: 

Article  I.  The  Contractor  shall  and  will  provide  all  the 
materials  and  perform  all  the  work  for  the 

as  shown  on 

the  drawings  and  described  in  the  specifications  prepared  by 

Architect,  which  drawings  and  specifications  are  identified 
by  the  signatures  of  the  parties  hereto,  and  become  hereby 
a  part  of  this  contract. 

Art.  II.  It  is  understood  and  agreed  by  and  between  the 
parties  hereto  that  the  work  included  in  this  contract  is  to 
be  done  under  the  direction  of  the  said  Architect,  and  that 
his  decision  as  to  the  true  construction  and  meaning  of  the 
drawings  and  specifications  shall  be  final.  It  is  also  under- 
stood and  agreed  by  and  between  the  parties  hereto  that 
such  additional  drawings  and  explanations  as  may  be  neces- 
sary to  detail  and  illustrate  the  work  to  be  done  are  to  be 
furnished  by  said  Architect,  and  they  agree  to  conform  to  and 
abide  by  the  same  so  far  as  they  may  be  consistent  with 
the  purpose  and  intent  of  the  original  drawings  and  speci* 
flcations  referred. to  in  Art  I. 

It  is  further  understood  and  agreed  by  the  parties  hereto 
that  any  and  all  drawings  and  specifications  prepared  for 
the  purposes  of  this  contract  by  the  said  Architect  are  and 
remain  his  property,  and  that  all  charges  for  the  use  of  the 
same,  and  for  the  services  of  said  Architect,  are  to  be  paid  by 
the  said  Owner. 

Art  III.  No  alterations  shall  be  made  in  the  work  except 
upon  written  order  of  the  Architect;  the  amount  to  be  paid 
by  the  Owner  or  allowed  by  the  Contractor  by  virtue  of 
such  alterations  to  be  stated  in  said  order.  Should  the 
Owner  and  the  Contractor  not  agree  as  to  amount  to  be 
X>aid  or  allowed,  the  work  shall  go  on  under  the  order  re- 
quired above,  and  in  case  of  failure  to  agree,  the  determina* 
lion  of  said  amount  shall  be  referred  to  arbitration,  as  pro- 
vided for  in  Art  XII  of  this  contract. 

Art  IV.  The  Contractor  shall  provide  sufficient,  safe 
and  proper  facilities  at  all  times  for  the  inspection  of  the 
work  by  the  Architect  or  his   authorized   representatives; 
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shall,  within  twenty-four  hours  after  receiving  written  notice 
from  the  Architect  to  that  effect,  proceed  to  remoye  from 
the  grounds  or  buildings  all  materials  condemned  by  him, 
whether  worked  or  unworked,  and  to  take  down  all  portions 
of  the  work  which  the  Architect  shall  by  like  written  notice 
condemn  as  unsound  or  improper,  or  as  in  any  way  failing 
to  conform  to  the  drawings  and  specifications,  and  shall 
make  good  all  work  damaged  or  destroyed  thereby. 

Art.  V.  Should  the  Contractor  at  any  time  refuse  or 
neglect  to  supply  a  sufficiency  of  properly  skilled  workmen* 
or  of  materials  of  the  proper  quality,  or  fail  in  any  respect 
to  prosecute  the  work  with  promptness  and  diligence,  or  fail 
in  the  performance  of  any  of  the  agreements  herein  con- 
tained, such  refusal,  neglect  or  failure  being  certified  by 
the  Architect,  the  Owner  shall  be  at  liberty,  after  three 
days'  written  notice  to  the  Contractor  ,  to  provide  any  such 
labor  or  materials,  and  to  deduct  the  cost  thereof  from  any 
money  then  due  or  thereafter  to  become  due  to  the  Con- 
tractor under  this  contract;  and  if  the  Architect  shall 
certify  that  such  refusal,  neglect  or  failure  is  sufficient 
ground  for  such  action,  the  Owner  shall  also  be  at  liberty 
to  terminate  the  *  employment  of  the  Contractor  for  the 
said  work  and  to  enter  upon  the  premises  and  take  posses- 
sion, for  the  purpose  of  completing  the  work  included  nnder 
this  contract,  of  all  materials,  tools  and  appliances  thereon, 
and  to  employ  any  other  person  or  persons  to  finish  the 
work,  and  to  provide  the  materials  therefor;  and  in  case 
of  such  discontinuance  of  the  emplosrment  of  the  Contrac- 
tor       shall  not  be  entitled  to  receive  any  further 

payment  under  this  contract  until  the  said  work  shall  be 
wholly  finished,  at  which  time,  if  the  unpaid  balance  of  the 
amount  to  be  paid  under  this  contract  shall  exceed  the  ex- 
pense incurred  by  the  Owner  in  finishing  the  work,  such 
excess  shall  be  paid  by  the  Owner  to  the  Contractor  ; 
but  if  such  expense  shall  exceed  such  unpaid  balance,  the 
Contractor  shall  pay  the  dilference  to  the  Owner  .  The 
expense  incurred  by  the  Owner  as  herein  provided,  either 
for  furnishing  materials  or  for  finishing  the  work,  and  any 
damage  incurred  through  such  default,  shall  be  audited  and 
certified  by  the  Architect,  whose  certificate  thereof  shall  be 
conclusive  upon  the  parties. 

Art.  VI.  The  Contractor  shall  complete  the  severs! 
portions,  and  the  whole  of  the  work  comprehended  in  this 
Agreement  by  and  at  the  time  or  times  hereinafter  stated, 
to  wit: 
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Art.  VI f.  Should  the  Contractor  be  delayed  in  the  pro- 
secution or  completion  of  the  work  by  the  act,  neglect  or  de- 
fault of  the  Owner  ,  of  the  Architect  ,  or  of  any  other 
contractor  employed  by  the  Owner  upon  the  work,  or  by 
any  damage  caused  by  fire  or  other  casualty  for  which  the 

Contractor       not  responsible,  or  by  combined 

action  of  workmen  In  no  wise  caused  by  or  resulting  from 
default  or  collusion  on  the  part  of  the  Contractor  ,  then  the 
time  herein  fixed  for  the  completion  of  the  work  shall  be  ex- 
tended for  a  period  equivalent  to  the  time  lost  by  reason 
of  any  or  all  the  causes  aforesaid,  which  extended  period 
shall  be  determined  and  fixed  by  the  Architect  ;  but  no 
such  allowance  shall  be  made  unless  a  claim  therefor  is 
presented  in  writing  to  the  Architect  within  forty-eight 
hours  of  the  occurrence  of  such  delay. 

Art.  VIII.  The  Owner  agree  to  provide  all  labor  and 
materials  essential  to  the  conduct  of  this  work  not  included 
in  this  contract  in  such  manner  as  not  to  delay  its  progress, 
and  in  the  event  of  failure  so  to  do,  thereby  causing  loss  to 

the  Contractor    ,  agree      that   will  reimburse 

the  Contractor      for  such  loss;  and  the  Contractor      agree 

that  if shall  delay  the  progress  of  the  work  so 

as  to  cause  loss  for  which  the  Owner      shall  become  liable, 

then shall  reimburse  the  Owner      for  such  loss. 

Should  the  Owner  and  the  Contractor  fail  to  agree  as  to 
the  amount  of  loss  comprehended  In  this  Article,  the  deter- 
mination of  the  amount  shall  Le  referred  to  arbitration  as 
im>vided  in  Art.  XII  of  this  contract. 

Art.  IX.  It  is  hereby  mutually  agreed  between  the  parties 
hereto  that  the  sum  to  be  paid  by  the  Owner  to  the  Con- 
tractor     for  said  work  and  materials  shall  be  

subject  to  additions  and  deductions  as  hereinbefore  provided, 
and  that  such  sum  shall  be  paid  by  the  Owner  to  the  Con- 
tractor ,  in  current  funds,  and  only  upon  certificates  of  the 
Architect,  as  follows: 


The  final  payment  shall  be  made  within days 

after  the  completion  of  the  work  included  in  this  contract, 
and  all  payments  shall  be  due  when  certificates  for  the  same 
are  issued. 

If  at  any  time  there  shall  be  evidence  of  any  lien  or 


1 
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claim  for  which,  if  established,  the  Owner  of  the  said 
premises  might  become  liable,  and  which  Is  chargeable  to 
the  Contractor  ,  the  Owner  shall  have  the  right  to  re- 
tain out  of  any  payment  then  due  or  thereafter  to  become 

due  an  amount  sufficient  to  completely  Indemnify 

against  such  lien  or  claim.     Should  there  prove  to  be  any 
such  claim  after  all  payments  are  made,  the  Contractor 
shall  refund  to  the  Owner      all  moneys  that  the  latter  may 
be  compelled  to  pay  in  discharging  any  lien  on  said  premises 
made  obligatory  in  consequence  of  the  Contractor      default. 

Art-  X,  It  is  further  mutually  agreed  between  the  parties 
hereto  that  no  certificate  given  or  payment  made  under  this 
contract,  except  the  final  certificate  or  final  pasrment,  shall 
be  conclusive  evidence  of  the  performance  of  this  contract, 
either  wholly  or  in  part,  and  that  no  payment  shall  be  con- 
strued to  be  an  acceptance  of  defective  i^ork  or  improi>er 
materials. 

Art.  XL  The  Owner  shall  during  the  progress  of  the 
work  maintain  insurance  on  the  same  against  loss  or  dam- 
age by  fire the 

policies  to  cover  all  work  incorporated  in  the  building,  and 
all  materials  for  the  same  in  or  about  the  premises,  and  to 
be  made  payable  to  the  parties  hereto,  as  their  Interest  may 
appear. 

Art.  XII.  In  case  the  Owner  and  Contractor  fail  to 
agree  in  relation  to  matters  of  payment,  allowance  or  loss 
referred  to  in  Arts.  Ill  or  VIII  of  this  contract,  or  should 
either  of  them  dissent  from  the  decision  of  the  Archi- 
tect referred  to  in  Art.  VII  of  this  contract,  whiCh  dissent 
shall  have  been  filed  in  writing  with  the  Architect  within  ten 
days  of  the  announcement  of  such  decision,  then  the  matter 
shall  be  referred  to  a  Board  of  Arbitration  to  consist  of  one 
person  selected  by  the  Owner  ,  and  one  person  selected  by 
the  Contractor  ,  these  two  to  select  a  third.  The  decision 
of  any  two  of  this  Board  shall  be  final  and  binding  on  both 
parties  hereto.  Each  party  hereto  shall  pay  one-half  of  the 
expense  of  such  reference. 


The  said  parties  for  themselves,  their  heirs,  successors, 
executors,  administrators  and  assigns,  do  hereby  agree  to  the 
full  performance  of  the  covenants  herein  contained. 

In  Witness  Whereof,  the  parties  to  these  presents  hsvi 
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iiereunto  sel  their  hands  and  seals,  the  day  and  year  first 
above  written. 

In    Presence  of       (Space  for  aignatures) 

BUILDERS'   UNIFORM    SUB-CONTRACT 
A  Form  of  Contract  between  Builders,  Based  upon  the  R» 
quirements  of  the  Uniform  Contract  Approved  by  the  Am- 
erican Institute  of  Architects  and  the  National  Association 
of  Builders. 

Copyright,   1006,  by   E.   O.  Soltmaim,   New   York. 

This  Agreement,  made  the  day  of  

in  the  year  one  thousand  nine  hundred  and  by 

and  between   

party  of  the 

first  part  (hereinafter  designated  the  Sub-Contractor    ♦),  and 

party  of 

the  second  part  (hereinafter  designated  the  Contractor    *), 
WItnesseth    that   the   Sub-Contractor    ,   in   consideration   of 
the  agreements  herein  made  by  the  Contractor    ,   agree 
with  the  said  Contractor      as  follows: 

Article  i.  The  Sub-Contractor  shall  and  will  provide  all 
the  materials  and  perform  all  the  work  for  the 

as  shown  on  the  drawings  and  described  in  the  specifications 

prepared  by  

Architect      for  said  building. 

Art.  if.  It  is  understood  and  agreed  by  and  between  the 
parties  hereto  that  the  work  included  in  this  contract  is  to 
be  done  under  the  direction  of  the  said  Architect  ,  and  that 
decision  as  to  the  true  construction  and  mean- 
ing of  the  drawings  and  specifications  shall  be  final.  It  is 
also  understood  and  agreed  by  and  between  the  parties  here* 
to  that  such  additional  drawings  and  explanations  as  may  be 
necessary  to  detail  and  illustrate  the  work  to  be  done  are 
to  be  furnished  by  said  Architect  ,  and  they  agree  to  con- 
form to  and  abide  by  the  same  so  far  as  they  may  be  con- 
sistent with  the  purpose  and  intent  of  the  original  drawings 
and  specifications  referred  to  in  Art.  I. 


Art  III.  No  alterations  shall  be  made  in  the  work  except 
upon  written  order  of  the  Contractor  ;  the  amount  to  be 
paid  by  the  Contractor      or  allowed  by  the  Sub-Contractor 


1 


*A  Partnership  Firm,  Company,  or  Corporation  can  avoid  writing  the 
"S*'  throughout  the  entire  contract,  by  NOT  adding  it  here. 
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by  virtue  of  such  alterations  to  be  stated  in  said  order 
Should  the  Contractor  and  Sub-Contractor  not  agree  as 
to  amount  to  be  paid  or  allowed,  the  work  shall  go  one  under 
the  order  required  above,  and  in  case  of  failure  to  agree,  the 
determination  of  said  amount  shall  be  referred  to  arbitratioo, 
as  provided  for  in  Art  XII  of 'this  contract 

Art  IV.  The  Sub-Contractor  shall  provide  sufficient, 
safe  and  proper  facilities  at  all  times  for  the  inspection  of 
the  work  by  the  Contractor  ,  the  Architect  or  their  au- 
thorized representatives;  shall,  within  twenty-four  hours 
after  receiving  written  notice  from  the  Contractor  to  that 
effect,  proceed  to  take  down  all  portions  of  the  work,  and  re- 
move from  the  grounds  or  buildings  all  material,  whether 
worked  or  unworked,  which  the  Architect  shall  condemn 
as  unsound  or  improper,  or  as  in  any  way  failing  to  conform 
to  the  drawings  and  specifications,  and  shall  make  good  all 
work  damaged  or  destroyed  thereby. 

Art.  V.  Should  the  Sub-Contractor  at  any  time  refuse 
or  neglect  to  supply  a  sufficiency  of  properly  skilled  workmen, 
or  of  materials  of  the  proper  quality,  or  fail  in  any  respect 
to  prosecute  the  work  with  promptness  and  diligence,  or 
fail  in  the  performance  of  any  of  the  agreements  herein  con* 
tained,  the  Contractor    ,  with  the  approval  of  the  Architect    , 

shall  be  at  liberty,  after days'  written  notice  to 

the  Sub-Contractor    ,  to  provide  any  such  labor  or  materials, 
and  to  deduct  the  cost  thereof  from  any  money  then  due  or 
thereafter  to  become  due  to  the  Sub-Contractor      under  this 
contract;  and  if  such  refusal,  neglect  or  failure  is  sufficient 
ground  for  such  action,  the  Contractor      shall  also  be  at  lib> 
erty  to  terminate  the  employment  of  the  Sub-Contractor 
for  the  said  work  and  to  enter  upon  the  premises  and  take 
possession,  for  the  purpose  of  completing  the  work  included 
under  this  contract,  of  all  materials,  tools  and  appliances 
thereon,  and  to  employ  any  other  person  or  persons  to  finish 
the  work,  and  to  provide  the  materials  therefor;  and  in  case 
of  such  discontinuance  of  the  employment  of  the  Sub-Con- 
tractor     shall  not  be  entitled  to  receive  any  fur- 
ther payment  under  this  contract  until  the  said  work  shall 
be  wholly  finished,  at  which  time,  if  the  unpaid  balance  of 
the  amount  to  be  paid  under  this  contract  shall  exceed  the 
expense  incurred  by  the  Contractor      in  finishing  the  work. 
such  excess  shall  be  paid  by  the  Contractor      to  the  Sub- 
contractor   ;  but  if  such  expense  shall  exceed  such  unpaid 
balance,  the  Sub-Contractor      shall  pay  the  difference  to  tlM 
Contractor    .    The  expense  Incurred  by  the  Contractor      as 
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lierein  proyided,  either  for  furnishing  materials  or  finishing 
the  work,  and  any  damage  incurred  through  such  defa\ilt, 
shall  he  chargeable  to  the  Sub-Contractor    . 

Art.  VI.  The  Sub-Contractor  shall  complete  the  sev- 
eral portions,  and  the  whole  of  the  work  comprehended  In 
this  Agreement  by  and  at  the  time  or  times  hereinafter 
Btated,  to 'wit: 


Art.  VII.  Should  the  Sub-Contractor  be  delayed  in  the 
prosecution  or  completion  of  the  work  by  the  act,  neglect  or 
default  of  the  Owner  ,  of  the  Architect  ,  of  the  Contrac- 
tor ,  or  of  any  person  employed  by  the  Contractor  upon 
the  work,  or  by  any  damage  caused  by  fire  or  other  casualty 

for  which  the  Sub-Contractor    not  responsible, 

or  by  combined  action  of  the  workmen,  fn  no  wise  caused  by 
or  resulting  from  default  or  collusion  on  the  part  of  the  Sub- 
Contractor  ,  then  the  time  herein  fixed  for  the  completion 
of  the  work  shall  be  extended. for  a  period  equivalent  to  the 
time  lost  by  reason  of  any  or  all  causes  aforesaid;  but  no 
such  allowance  shall  be  made  unless  a  claim  therefor  is 
presented  in  writing  to  the  Contractor  within  forty-eight 
hours  of  the  occurrence  of  such  delay. 

Art  VII!.  The  Contractor  agree  to  provide  all  labor 
and  materials  essential  to  the  conduct  of  this  work  not  in- 
cluded in  this  contract  in  such  manner  as  not  to  delay  its 
progress,  and  in  the  event  of  failure  so  to  do,  thereby  caus- 
ing loss  to  the  Sub-Contractor    ,  agree      that  

will  reimburse  the  Sub-Contractor      for  such  loss;  and  the 

Sub-Contractor    ,  agree     that  if shall  delay  the 

progress  of  the  work  so  as  to  cause  loss  for  which  the  Con- 
tractor shall  become  liable,  then  shall  reim- 
burse the  Contractor  for  such  loss.  Should  the  Contrac- 
tor and  Sub-Contractor  fail  to  agree  as  to  amount  of  loss 
comprehended  in  this  Article,  the  determination  of  the 
amount  shall  be  referred  to  arbitration  as  provided  in  Act. 
Xn  of  this  contract. 

Art.  IX.  It  is  hereby  mutually  agreed  between  the  parties 
hereto  that  the  sum  to  be  paid  by  the  Contractor  to  the 
Sub-Contractor      for  said  work  and  materials  shall  be 


subject  to  additions  and  deductions  as  hereinbefore  provided, 
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and  that  such  sum  shall  be  paid  by  the  Contractor      to  the 
Sub-Contractor    in  current  funds,  as  follows: 


The  final  payment  shall  be  made  within days 

after  the  completion  of  the  work  included  In  this  contract. 

Art  X.  It  is  further  mutually  agreed  between  4he  parties 
hereto  that  no  payment  made  under  this  contract,  except  the 
final  payment,  shall  be  conclusive  evidence  of  the  perform- 
ance of  this  contract,  either  wholly  or  in  part,  and  that  no 
payment  shall  be  construed  to  be  an  acceptance  of  defective 
work  or  improper  materials. 

Art.  XI.  The  Contractor  "  shall  during  the  progress  of  the 
work  maintain  insurance  on  the  same  against  loss  or  damage 

by  fire,   

the  policies  to  cover  all. work  incorporated  in  the  building* 
and  all  materials  for  the  same  in  or  about  the  premises,  and 
to  be  made  payable  to  the  parties  hereto,  as  their  interest 
may  appear. 

The  Sub-Contractor    agree  to  indemnify  the  Contractor 
against  all/claims  or  demands  for  damage  arising  from  acd* 
dents  to  persons  or  property  occasioned  by  the  said  Sub-Con« 

tractor       or    employes,   and  the   Contractor 

agree  to  indemnify  the  Sub-Contractor  against  all  claims 
or  demands  for  damage-  arising  from  accidents  to  persons  or 

property  occasioned  by  the  said  Contractor     or 

employes,  during  the  performance  of  this  contract 

Art.  XII.  In  case  the  Contractor  and  Sub-Contractor 
fail  to  agree  in  relation  to  matters  of  payment,  allowance  or 
loss  referred  to  in  Arts.  Ill  or  VIII  of  this  contract,  or  fail 
to  agree  under  the  stipulations  in  Art  VII  of  this  contract, 
then  the  matter  shall  be  referred  to  a  Board  of  Arbitration 
to  consist  of  one  person  selected  by  the  Contractor  ,  and  one 
person  selected  by  the  Sub-Contractor  ,  these  two  to  select 
a  third.  The  decision  of  any  two  of  this  Board  shall  be  final 
and  binding  on  both  parties  hereto.  Each  party  hereto  shall 
hereto  pay  one-half  of  the  expense  of  such  reference. 

The  said  parties  for  themselves,  their  heirs,  successois. 
executors,  administrators  and  assigns,  do  hereby  agree  to  the 
full  performance  of  the  covenants  herein  contained. 

In  Witness  Whereof,  the  parties  to  these  presents  have 
hereunto  set  their  hands  and  seals,  the  day  and  year  first 
above  written. 

In  Presence  of 

(Spaoe  for  aignaturM) 


^ 
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FORM  OF  CONTRACT  FOR  BUILDING 
(Eugene  Dietzgen  Co.,  Chicago,  111.) 

This  Agreement,  Made  and  entered  into  this day 

of  A.  D.  Nineteen  Hundred  and 

by   and   between    

Contractor  ,  part    of  the  first  part,  and 

Owner  ,  part    of  the  second  part: 

Witnesseth,  That  the  said  part    of  the  first  part,  for  and  in 

consideration  of  Ihe  payments  to  be  made  to  

by  the  said  part    of  the  second  part  as  hereinafter  provided, 
do      hereby  covenant,  contract  and  agree  to 


agreeable  to  the  plans,  drawings  and  specifications  made  by 

Architect     ,  in  a  good. 

substantial  and  workmanlike  manner,  to  the  satisfaction  of 
and  under  the  direction  of  the  Superitnendent.  And  said 
part  of  the  first  part  also  do  agree  to  find,  provide  and 
furnish  such  Materials  of  such  kinds,  qualities  and  descrip- 
tions as  shall  be  fit,  proper  and  sufficient  for  completing  and 
finishing  all  the  work  or  works  mentioned  


Time  to  be  extended  only  in  case  of  general  strike 


And  said  part  of  the  second  part,  for  and  in  consideration 
of  said  part  of  the  first  part  strictly  performing  the  cove- 
nants and  agreements  as  above  specified,  by  and  at  the  times 

mentioned,  and  to  the  entire  satisfaction  of 

Superintendent  ,  do     hereby  agree 

to  pay  to  the  said  part      of  the  first  part  the  sum  of 

Dollars,  on  certificates  of 

Superintendent  ,  as  the  work  progresses,  to-wit:   

per  cent  of  the  estimated  value  of  same 


and  the  remaining  amount  within  days 

after  faithful  completion  and  accet>tance  of  all  the  work. 

It  Is  Agreed  by  said  parties,  that  the  

per  cent  agreed  to  be  reserved  shall  be  held  by  the  pro- 
prietor as  security  for  the  faithful  completion  of  the  work, 
and  may  be  applied  under  the  direction  of  the  Superin- 
tendent ,  in  the  liquidation  of  any  damages  under  this  con- 
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tract;  also  furnishing,  whenever  requested,  to  the  part  of 
the  second  part,^a  release  from  any  liens  or  right  of  II^l 

It  is  further  agreed  that  the  specifications  and  drawings 
form  a  part  of  this  agreement,  and  are  intended  to  co- 
operate, so  that  any  works  exhibited  in  the  drawings  and 
not  mentioned  in  the  specifications,  or  vice  versa,  are  to  be 
executed  the  same  as  if  they  were  mentioned  in  the  specifica* 
tions  and  set  forth  in  the  drawings,  to  the  true  intent  and 
meaning  of  said  drawings  and  specifications,  without  any 
extra  charge  whatsoever. 

It  is  also  further  agreed  that  the  said  part  of  the  sec- 
ond  part  may  make  any  alterations,  deviations,  additions, 
or  omissions  from  the  aforesaid  plans,  drawings,  and  specifi- 
cations, or  either  of  them,  which  shall 

deem  proper,  and  the  said  Architect  shall  advise,  without 
affecting  or  making  void  this  Contract,  and  in  all  such  cases 
the  said  Architect  shall^  value  or  appraise  such  alteration, 
and  add  to  or  deduct  from  the  amount  herein  agreed  to  be 
paid  to  the  said  part  of  the  first  part  the  excess  or  de- 
ficiency occasioned  by  such  alteration. 

It  is  further  agreed  that  in  case  any  difference  of  opin- 
ion shall  arise  between  said  parties  in  relation  to  the  con- 
tract, the  work  to  be  performed  under  it,  or  in  relation  to 
the  plans,  drawings  and  specifications  hereunto  altered,  the 

decision  of   the 

Architect  ,  shall  be  final  and  binding  on  all  parties  here- 
under, or,  if  preferred,  the  decision  of  an  umpire  selected 
by  two  men,  one  of  whom  is  appointed  by  the  owner  and 
the  other  one  by  the  contractor,  shall  be  final  and  binding 
on  all  parties  hereunder. 

It  is  further  agreed  that  all  payments  made  on  work  dur- 
ing its  progress,  on  account  of  the  contract,  shall  in  no  case 
be  construed  as  an  acceptance  of  the  work  executed;  but 
the  Contractor  shall  be  liable  to  all  the  conditions  until  the 
work  is  accepted  as  finished,  and  all  the  plans,  details,  ele> 
vatlons  and  sections  of  each  and  every  kind  are  returned  to 
the  Architect  ,  before  the  final  certificate  is  given. 

It  is  further  agreed,  should  the  Contractor  fall  to  fin- 
ish the  work  at  or  before  the  time  agreed  upon 

shall  pay  to  or  allow*  the  proprietor    by  way  of  liquidated 

damages,  the  sum  of   

dollars  per  diem  for  each  and  every  day  thereafter  the  aald 
work  shall  remain  incomplete. 

It  is  further  agreed  that  the  Contractor,  at  his  own 
proper  cost  and  charges,  is  to  provide  all  manner  of  mate* 
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rials  and  labor,  implementB,  scaffolding,  moulds,  models  and 
cartage  of  every  description  for  the  due  performance  of  the 
several  erections. 

It  is  further  agreed  that  the  owner  shall  not  in  any  man- 
ner be  answerable  or  accountable  for  any  violation  of  the 
city  ordinances,  or  for  any  loss  or  damage  that  shall  or  may 
happen  to  said  work  or  materials,  or  any  part  or  parts 
thereof  respectively,  or  for  any  of  the  materials  and  other 
things  used  and  employed  in  finishing  and  completing  the 
same.     (Loss  or  damage  by  fire  excepted.) 

In  Witness  Whereof,  The  said  parties  of  these  presents 

have  hereunto  set  their  hands  and  seals  the 

day  and  year  first  above  written. 

Contractor  :       Part      of  the  First  Part. 

(Seal) 

(Seal) 

Owner  :     Part      of  the  Second  Part. 

(Seal) 

(Seal) 

Witness: 


1 
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The  following  form  of  lettej — ^which,  when  formally  ac- 
cepted,, constitutes  a  contract — may  be  used  as  a  guide  when 
small  Jobs  or  repair  work  are  to  be  done.  One  of  the  reg- 
ular forms  of  contract,  as  already  given,  should  be  used  for 
work  of  any  considerable  amount  or  importance. 

Chicago,  111., 1918 

Mr.    

No Ave., 

C^cago,  111. 
Dear  Sir: 

I  hereby  propose  to  do  work  as  follows  on  your  prop- 
erty situated  at  No Ave.,  Chicago,  IlL: 

Construct  a  rear  porch  according  to  sketch  agreed  upon 
between  us  and  described  in  detail  of  construction  as  fol- 
lows: 

2x6-inch  Joists  spaced  16  inches  on  centers,  placed  parallel 
with  the  rear  wall  and  frame  flush  between  6x8-lnch  girders 
resting  on  12-inch  brick  piers  of  a  suitable  height. 

Floor  of  porch  to  be  covered  with  %z4-inch  quarter- 
sawed  hard  pine  flooring,  matched  and  blind-nailed,  and 
tightly  strained.    Edges  of  floor  to  be  rounded  with  a  cove 
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underneath.  Finish  tinder  the  floor  and  in  front  of  the  piers 
with  wide  white  pine  casings,  and  fill  in  the  spacing:  between 
the  piers  with  diagonal  lattice  work  ^  by  1%  inches,  with 
1%-inch  spaces  and  1^  by  7-inch  beveled  base. 

Posts  for  porch  are  to  be  4z4-inch  straight,  well-seaaoned 
yellow  pine.    Posts  to  support  a  4z8-inch  girder. 

Rafters  to  be  2x6  inches,  with  2x8-lnch  hips. 

Porch  roof  to  be  fastened  to  rear  wall  by  foar  %-iiich 
bolts,  14  inches  long,  fitted  with  4-inch  square  washers. 

Bottom  of  rafters  to  be  furred  for  level  ceiling  and  ceiled 
with  %x4-lnch  center  beaded  ceiling,  with  %-inch  quarter- 
round  around  edges. 

Plate  to  be  boxed  to  form  a  false  beam.  Cornice  to  be 
finished  with  4-inch  crown  mold,  4-inch  fascia,  10-lnch  plan- 
ceer,  and  2^x%-inch  bed  mold.  Locate  gutter  back  of  crown 
mold.  Bottom  of  gutter  to  have  a  fall  of  1^  Inches  to 
outlet. 

Roof  and  gutter  to  be  covered  with  tin. 

Space  between  posts  to  be  filled  with  plain  balusters 
1%  Inches  square,  set  4  inches  on  centers,  and  2  feet  € 
inches  long.  Top  and  bottom  rails  to  be  made  of  beveled 
2-inch  by  4-inch  white  pine  stock. 

Build  steps  to  porch  on  2x1 0-inch  plank  carriages,  16 
inches  on  centers,  resting  at  the  bottom  on  a  concrete  slab. 
Treads  to  be  1%  inches  thick,  risers  1-inch,  rounded  noses, 
returned  at  the  ends  with  cove  underneath. 

Strings  to  be  cased  with  %-inch  stock,  and  filled  in  to 
ground  with  lattice  work  same  as  under  porch. 

All  work  to  be  done  in  a  proper  and  workmanlike  man- 
ner for  the  sum  of  dollars,  and 

same  to  be  due  and  paid  in  cash  when  work  is  complete. 

I  am  to  supply  all  required  materials,  tools,  etc. 

Trusting  that  this  will  prove  satisfactory,  and  awaitins 
your  further  orders,  I  remain 

Yours  very  truly. 


ACCEPTANCE 

I  hereby  approve  and  accept  the  above  proposition,  and 
instruct  you  to  proceed  with  the  work  with  all  possible  speed. 

Signed  

Dated    


^ 


BLANK    FORMS    OF    ESTIMATE 

In  addition  to  the  detailed  forms  of  estimate  which  have 
already  been  shown,  the  following  blank  forms  of  general 
estimate  are  given: 

Blank  Form  for  Estimate 

Estimate    for    

Date   19.... 

Kind  of  Structure  

1.  Bzcavatlng  I 

2.  Foundations   and   piers 

#  3.    Cement  work  

4.  Drains  

5.  Grouting  

6.  Chinmeys   

7.  Flue  linings   

8.  Cut  stone  

9.  Brick   

10.  Lumber 

11.  Roofing   

12.  Mill  work  

13.  Cupboards    

14.  Stairs    

15.  Heavy  hardware   

16.  Trim  hardware   

17.  Tin  work   

18.  Galvanized  iron  work  

19.  Iron   work    

20.  Lathing   /,, 

21.  Plastering 

22.  Plumbing    

23.  Cesspool  or  sewer  connection 

24.  Carpenter    work    

25.  Cresting 

26.  Electric  wiring 

27.  Gas  fitting  

28.  Heating   plant    

29.  Mantles,  tiling,  grates 

30.  Painting    

31.  Glass   

32.  Screens  

33.  Grading  

34.  Incidentals  


Total  $. 

825 
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BLANK   FORM    FOR    ITEMIZED    ESTIMATE 

Following  is  a  blank  form  for  estimating,  and  checUoff 
on  estimates,  with  schedule  of  items  ordinarily  entering 
into  house  construction: 

BUILDIMa  X8TIMATS 


.Date. 


Town Sute 

Owner's  Name /■ 

Address 

Contractor 

Address 

Siae  of  Buflding Height  of  Cellar. 

Kind  of  Building "        ••  First  Story. . . 

Style  of  Finish "        "  Second  Story. 

No.  of  Rooms. Oatnde  Studding. 

No.  of  Doors Estimated  Cost  $ 

No.  of  Windows .• Actual  Cost  S 


.19. 


No. 

Sise 

wth 

P<^ard 

Bills 

'. 

SidesUU 

1               1 

End  alls 

1               » 

iiiddleiiiils 

1 


sUls 

CrossHDlU 

Trimmers 

Main  Poets 

*  *  M     *  *      •• 

Center  poets 

1 

£>oor  posts'                                                          1               1 

Basement  posts                            '                        |               ! 

Oirts 

Main  girts 


Side  g^rts 
Tie  girts 


JoUte 


First  floor                                                            | 

Second  floor                                                          ) 

Third  floor                                                               I 

ckmii'ji)iiu 1 

Porch  joists                                                              j 

1 

1 
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Stoddlag 
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Side  Btuddins 

Qable  studding 

Partition  studding 

Br&ees 

Plates 

Porch  plates 

Bay  window  plates 

Boof  Timbers 

Common  rafters 

• 

Hip  rafters 

VaUey  rafters 

jack  njfters 

Trusses 

Purlin  plates 

Collar  beams 

Outside  walls 

Roof  sheathing 

Gutters 

Floor  lining 

* 

Shiplap  (sometimes  used  for  sheathing) 

Bhinglas 

.... 

Biding 

Beveled  aiding 



Cove  lidiog 

Barn  siding 

Battens 

li  Ogee  battens 

J4-inch  battens 

1x1  inch 

2z3ineh 
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Fanciziff 


1  Inch  rinish 


4  inch 

6  inch 

1 

P»p«r 

Straw  board 

1 

Tarred  paper 

1 

t-Slinlsh 

Outside  baae 

1 

Bay  window  finish 

1 

Porch  finish 

! 

Cornice 

1 

Brackets 

Stair  risers 

Jaxnbcasincs 

Pantry  shelves 

1 

Closet  shelves 

i 

1  l^Flniih 

Outside  casingB 

1 

Comer  boards 

i 

Jamb  casings 

• 

Porch  finish 

• 

Bay  window  finish 

Scroll  work 

i 



Stair  steps  and  strineers 

! 

Outside  steps 

1       1 

boor  sills 

... 

Window  sUls 

Jamb  casings 

Brackets 

Cellar  stairs 

— 1 

18-8Flnisli 

Outside  casings 

i 

1  Outside  steps 

1 

.  ^ 
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1-iIneh  Finish 
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Panels 


Drawer  bottoms 

riooriiif  7^z 

Main  floor 

kitchen  floor                                          

Dining  room  floor 

Porch  floors 

CeiUiiffT^z 

Porch  ceilings 

Panels 

Wainscoting 

lining  partition 

Flooring  pine 

Flooring  oak 

Flooring  maple 

HC>ui^ 

HOsiai^ 

HCii&S 

HPi^cfiiiih                                     

IH  Pine  finish 

Oak  fiidsh 

Poplar  finish 



MiUWork 

Common  window  frames 

Cellar  window  frames 

Cottage  front  frames 

Outside  door  frames 

Cellar  door  frames 

Attic  frames 

Inside  door  jambs 

Cellar  sash 

Cellar  doors 
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Front  doore 

CONTRACTING 

1 1 

Doors 

1 

Tranronw 

1 

Base,  8  inch 

Baae,  10  inch 

i      1 

Caains.  5  inch 

1 

PUnth  blocks 

Center  blocks 

I 

Corner  blocks 

1 

ComnM>n  doors 

Front  doors 



Sliding  doors 

1      1 

Closet  doors 

' 

Transom  saah 

Window  sash 



CeUarsash 

'  '  '  !    ' 

Outside  bUnds 

Brackets 

Gable  finish 

Crown  moldings 
Bed'mol'dinii"" 



1 

Base  moldings 



Band  moldings 

Cove  moldings 

Quarter-round 

Lattice* 

Doorstops 

1 

.... 

Window  stops 

' 

Parting  stops 

*"    1 
1  .-  . 

Window  stools                                                                     ) 

Watertable 

Wainscoting  cap 

Thresholds 

Comer  beads 

POEM  FOB  ITEMIZED  ESTTMATE 
Pbrohpoflta                                                                     1 
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Fdroh  spindles 

Porch  railing 

Landing  posts 

. 

Stair  rails 

Porch  rails 

Hardware  and  Bho«t  Metal 


20d  Nails 

ledNaUs 

12dNaiU 

lOd  Nails 

SdNaiis 

6d  Nails 

3d  Coarse 

3d  Fine 

lOd  Finish 

8d    " 

6d    " 

4d    " 

3d    " 

DoorbutU 

Cupboard  butts 

Strap  hinges 

Mortise  locks 

Mortise  latches 

Rim  locks 

Front  door  looks 

Sliding  door  looks 

Door  hangers 

Transonk  lifts 

Fhish  bolts 

Mortise  bolte 
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Cupbo«rd  cfttohes                                              1              1              ( 

Sinks 

Shelf  bracketa 

Blind  hinges        * 

Suh  bolts 

"   pulleys 

"    locks 

"   Bfts 

"    weights 

••    cord 

Wardrobe  hooka 

Doorstops 

Sandpaper 

Roofing 



Window  caps 

1 

Hip  shingles 

Flashing 

VaUey  tin 

Gutters 

1 

Conductors 

A..... •• 

1 

Flue  thimbles 

1 

Flue  stops 

i 

Keeapitulation 


Yards  excavations  t 
Fououdations 


Perches  of  stone 
Brick  chimneys 


Lumber 
Carpenter  work 


Mil)  work 
Haxdwara 


Tinwork 
Iron  work 
Yards  plastering 


MISCELLANEOUS    DATA 
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Plumbins 


Gas  fitting 


Steam  fitting 


Yards  painting 

.V. 


Incidental  ezpenaes 


MISCELLANEOUS  DATA  FOR  READY  REFERENCE 


The  following  miscellaneous  data  may  frequently  be  found 
of  value  for  ready  reference  in  solving  problems,  making  esti- 
mates, etc. 

1,728  cu.  in.  make  1  cu.  ft. 

27  cu.  ft  make  1  cu.  yd. 

1  lb.=:27.681  cu.  in.  of  disUlled  water. 

1  gal.  of  water  at  62"*  F.  weighs  8.336  lbs. 

A  cu.  ft.  contains  7.48  gals,  at  62''  F. 

To  find  the  diameter  of  a  circle,  multiply  circumference  by 
-31831.  ^ 

To  find  circumference  of  a  circle,  multiply  diameter  by 
3.1416.  ,^ 

To  find  area  of  a  circle,  multiply  square  of  diameter  by 
.7854;  or  multiply  radius  (one-half  diameter)  by  circumfer- 
ence, and  divide  product  by  2. 

To  find  the  surface  of  a  ball,  multiply  square  of  di- 
ameter by  3.1416. 

To  find  tide  of  square  approximately  equal  in  area  to  a 
given  circle,  multiply  diameter  by  .8862. 

To  flndxubie  Inches  In  a  ball,  multiply  cube  of  diameter,  in 
inches  by  .5236. 

Doubling  the  diameter  of  a  pipe  Increases  its  capacity  four 
times. 

One  ton  of  coal  is  equivalent  to  two  cords  of  wood  for 
steam  purposes. 

There  are  9  sq.  ft  of  heating  surface  to  each  sq.  ft.  of 
grate  surface. 

A  cubic  foot  of  water  weighs  62%  lbs. 

Each  nominal  hOrse-power  of  a  boiler  requires  30  to  35 
lbs.  of  water  per  hour. 
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A  horse-power  Is  equivalent  to  ndsing  33,(H)0  lbs.  one  ft. 
X>er  minute*  or  550  lbs.  one  ft.  per  second. 

To  find  the  capacity  (U.  S.  gallons)  of  cylindrical  tankib 
square  the  diameter,  expressed  In  Inches,  multiply  by  the 
length,  and  by  .0034. 

To  find  the  thiclcness  of  steel  to  be  used  in  hollow  cylinders 
under  tension,  such  as  pipe  lines,  etc.,  multiply  the  specified 
working  pressure  In  pounds  by  the  radius  of  the  cylinder  in 
inches,  then  by  the  factor  of  safety,  and  divide  the  result  ob- 
tained by  the  tensile  strength  of  the  steel,  multiplied  by  the 
percentage  efficiency  of  the  riveted  joint  employed. 

Boiler  Horse-Power — ^The  evaporation  of  30  lbs.  of  water 
per  hour,  from  a  temperature  of  lOO*"  F.  into  steam  at  70  lb& 
gauge  pressure. 

One  pound  of  water  evaporated  from  and  at  212''  is  equlvip 
lent  to  965.7  BriUsh  Thermal  Units. 

To  find  the  number  of  sq.  ft.  of  heating  surface  in  tubes, 
multiply  the  number  of  tubes  by  the  diameter  of  a  tube  in 
inches,  by  its  length  in  feet,  and  by  .2618. 

To  find  the  bursting  and  safe  working  pressure  of  a  boiler 
shell,  multiply  the  tensile  strength  of  material  by  the  thick- 
ness of  the  plate.  Then  multiply  the  result  so  found  by  the 
efficiency  of  the  Joint,  and  divide  by  the  radius  of  the  boiler. 
This  will  give  the  bursting  pressure.  The  bursting  pressure, 
divided  by  the  factor  of  safety,  will  give  the  safe  working 
pressure.  The  factor  of  safety  of  5  has  been  generally  ac* 
cepted  by  eminent  engineers  and  bollermakers. 

The  average  consumption  of  coal  for  steam  boilers  is  12 
lbs.  per  hour  for  each  sq.  ft.  of  grate  surface. 

To  find  the  pressure  in  pounds  per  square  inch  of  a  col- 
umn of  water,  multiply  the  height  *of  the  column,  in  feet,  by 
.434. 

^  Steam  rising  from  water  at  its  boiling  point  (212  degrees) 
has  a  pressure  equal  to  the  atmosphere  (14.7  lbs.  to  the  sq. 
In.). 

To  evaporate  1  cu.  ft  of  water  requires  the  consumption 
of  7^  lbs.  of  ordinary  coal,  or  about  1  lb.  of  coal  to  1  gallon 
of  water. 

To  estimate  the  quantity  of  sheeting  or  of  shiplap,  csl- 
culate  the  exact  surface  to  be  covered,  deducting  openings; 
then  add  the  following  percentages: 


^ 
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Sheeting 

For   floors    1/7,  or  15  per  cent 

For  sidewalls  1/6,  or  17  per  cent 

For  roofs 1/5,  or  20  per  cent 

For  trench  machine  work,  from  $7.00 
should  ordinarily  be  added  for  rental.  Also  add  the  cost  of 
the  sheeting,  plank,  and  pumping.  In  estimating  the  cost  of 
trenching  work,  look  out  for  the  boulders. 

Common   shapes   of   structural   steel   are   illustrated   as 
follows: 


Shiplap 
1/6,  or  17  per  cent 
1/5,  or  20  per  cent 
1/4,  or  25  per  cent 
to   $10.00   a  day 


FOJ2M         NAME. 


JfOUND 

(rod) 


5QUAKE 
inOD) 


FIAT 


TUfTE 


FOJ3M 


NAME 


)t€€g€€€i€4€Uf€€€€A 


^  ANGLE. 
(yHIBQUAL-, 


CHANNCL 


I-BCA/i 


IB/^okZEC 


TEE 


Common   Shapes   of  Structural    Steel. 

CUBICAL  CONTENTS  OF  ROOMS 

Tables  5  to  9,  compiled  by  the  Chicago  Heater  &  Supply 
Co.,  give  the  contents,  in  cu.  ft,  for  yariou&-sized  rooms  with 
different  heights  of  ceiling. 
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WEIGHT  OF   MATERIALS 

The  approximate  weight  per  cubic  foot  of  materials  com* 
monly  used  in  construction,  is  as  follows: 

Metals 

Weight  per 
Material  Cubic  Foot 

Bronze    •  • 552  lbs. 

Copper   550    *' 

Iron,  Cast 450    " 

Iron.  Wrought  480    " 

Lead   712    " 

Steel,  Structural   •• 490    " 

M  aso  nry  Weight  per 

Material  Cubic  Foot 

Asphalt    130  lbs. 

Bluestone  160  " 

Brick  in  lime   120  " 

Brick  in  cement 130  " 

Cement,  Portland   90  " ' 

Concrete    150  " 

Gneiss 160  " 

Granite    165  *' 

Gravel 120  " 

Limestone  170  " 

Marble   165  " 

Sandstone  145  " 

Slate   •• 170  " 

Terra-cotta  110  " 

Tile  115  " 

Weight  of  a  bag  of  natural  cement,  about  94  lbs. 

Weight  of  a  bag  of  Portland  cement,  about  94  lbs. 

A  bbl.  of  natural  cement=3  bags,  and  weighs  about  282  lbs. 

A  bbl.  of  Portland  cement=:4  bags,  and  weighs  about  380 
lbs. 

A  cu.  ft  of  loose  measured  broken  trap  stone  weighs  about 
90  lbs. 

A  cu.  ft.  of  broken  stone,  well  shaken  down,  weighs  about 
100  lbs. 

A  cu.  ft  of  criisher-run  stone  weighs  about  100  lbs. 

A  cu.  ft.  of  cinder  concrete  averages  110  lbs. 

A  cu.  ft.  of  conglomerate  concrete  averages  130  lbs. 

A  cu.  ft.  of  gravel  concrete  averages  150  lbs. 

A  cu.  ft.  of  limestone  concrete  averages  148  lbs. 
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A  cu.  ft  of  sandstone  concrete  averages  143  lbs. 
A  cu.  ft  of  trap  concrete  averages  155  lbs. 
Loose,  unrammed  concrete  weighs  from  6  to  25  per  cent 
less  than  when  well  tamped. 

One  cubic  foot  of  anthractlte  coal  weighs  about  58  pounds. 
One  cubic  foot  of  bituminous  coal  weighs  firom  47  to  50 
pounds. 

TABLE  10 
Specific  Gravity  of  Stone 


Trap,  Boston,  Mem 2.78 

Trap.  Dalotb.  Minn 2.8  to  8.0 

Trap.  Jeraey  City,  N.  J 8.08 

Trap,  Btaten  Island.  N.  Y. . . .  2.86 
Gneiss,  Madison  Ave.,  N.  T. . .  2.92 
Granite,  New  London,  Conn. . .  2.86 

Granite,  Oreenwlcb.  Conn 2.84 

Granite,  Vlnalbaven.  Me 2.66 

Granite,  Qnlncy,  Mass 2.66 

Granite,  Barre.  Vt . ., 2.65 

Limestone,  Jollet.  Ill 2.56 

Limestone,  Qolncy,  III.. 2.51  to  2.57 


Limestone    (ooUtle),  Bedfoi4, 

Ind 2.25  to  2.4» 

Limestone.  Marqnette.  MIcb..  2.M 
Limestone.  Glens  Falts.  N.  T.  2.70 
Limestone,  Lake  Cbamplala,     ^^ 

N.  Y.  2.75 

Sandstone,  Portland.  Conn...  2.64 
Sandstone,  Haveratraw,  N.  T.  2.18 

Sandstone,  Medina,  N.  T 2.41 

Sandstone,  Potsdam,  N.  T 2.60 

Sandstone  (grit),  Berta,  O...  2l12 


TABLE  11 
Specific  Gravity  of  Common  Minerals  and  Rocks 


Apatite 2.92—8.25 

Basalt 3.01 

Calcite,    CaCQi 2.5  —2.73 

Caaslterlte,  SnOt 6.4  —7.1 

Ceroslte,    PbCO« 6.46— 6.4S 

Cbalcopyrlte.  CuFeSs. . .  4.1  — 4.3 

Coal,  antbradte   1.3  —1.84 

Coal,    bituminous 1.2  —1.5 

Diabase 2.6  —3.03 

Diorlte 2.92 

Dolomite.  CaMg  (CO,)!.  2.8  —2.9 

Feldspar 2.44—2.78 

Felslte 2.65 

Galena,  PbS 7.25—7.77 

Garoet    3.15-4.31 

Goelss 2.62—2.92 

Granite 2.65—2.86 

Gypsum 2-3  — 3.28 

Halite  (salt).  NaCI 2.1  —2.56 

Hematite,   FegOa 4.5  — 5.3 

Hornblende 3.05 — 3.47 

Llfflonlte,  FetO«  (OH)«..  3.6  — 4.0 


Umeatone «...  2.SS— 2J8T 

Magnetite,  Fe«0« 4.9  --5.2 

Marble  .7! . .  TT. 2.66— 2.8S 

Mica    2.75—3.1 

Mica  Scblst 2.5  —2.9 

Olivine    3.33—3.5 

Porpbyry    2.5  — ^2.6 

Pyrlte.  FeS. 4.83— 5J1 

Suartc.    SlOa 2.5  — ^2.8 
uartzlte    2.6  —2.7 

Sandstone 2.0  — 2.7S 

Sandstone.  Medina  ....  2.4 

Sandstone,  Obio 2.2 

Sandstone.  Slaty 1.82 

Shale 2.4  —2.8 

Slate    2.5  — 2.6 

Spbalerlte,  ZnS. 3.9  —4^ 

Stibnlte,  SbiSt 4.5  —4.6 

Syenite   2.27— Z6S 

Talc    2.56—2.8 

Trap   2.6  — 3.0 


Table  12  shows  the  weights    of   aggregates    of   raryliis 
specific  gravity  and  having  different  percentages  of  voids: 

THERMOMETER  SCALES 
A  thermometer  Is  an  Instrument  for  Indicating  the  if»» 
tensity  (not  quality)  of  heat  The  thermometer  scale  upon 
which  the  intensity  of  the  heat  Is  indicated.  Is  an  arbitrarily 
chosen  scale.  The  two  scales  In  most  general  use  are  the 
Fahrenheit  and  the  Centigrade. 
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TABLE  12 

Weights  of  Aggregates  of  Varying  Speclfie  Gravity  and  Per* 

centages  of  Voids 


o>> 

^h 

IP 

WElflIT  IN  P0U>1M  Pf  tt  CU.  Yd.  W5EN 

m 

Vol  98  *E£ 

er 

sr 

S0% 

3B% 

49S 

454 

«0% 

J, a 

02,365 

l.tS34 

1.178 

1,094 

1,010 

920 

S42 

2.0 

124.7 

3.3«7 

2.357 

2.187 

2,020 

1.852 

1.684 

2.1 

I30,tt 

3.53Q 

2,475 

2,29a 

2.121 

],945 

l,7fja 

2.2 

137.2 

3.702 

2,G93 

2,40& 

2.222 

2.037 

1,852 

2,3 

143,4 

3,S72 

2,711 

2,517 

2,323 

2,1  :w 

1,933 

2.4 

149.7 

4,041 

2.828 

2,62a 

2,424 

2.222 

2,020 

2,5 

155.a 

4*200 

2.!>4S 

2,739 

2,525 

2.315 

2,105 

2S 

162.1 

4.377 

3,0S4 

2.645 

2,626 

2.408 

2.1S9 

2.T 

je&.4 

4.fV45 

3,182 

2,955 

2.727 

2,500 

2,278 

2.a 

174.G 

4,714 

3,390 

3,064 

2,828 

2.593 

2,357 

2.9 

180,9 

4.882 

3.418 

3.174 

2.929 

2,0S5 

2.441 

a.g 

187.1 

5,061 

3,53^ 

3,283 

3,030 

2J73 

2,52Q 

3.1 

193.3 

5,219 

3.t>53 

3,392 

3.131 

2,871 

2,609 

3.2 

199,5 

6.388 

3,771 

3.502 

3,232 

2.993 

2.614 

3.3 

205.8 

5,55Q 

3.889 

3.911 

3.333 

3,050 

2,778 

3.4 

2ia.o 

5.724 

4,007 

3,721 

3,434 

3,148 

2.862 

3.5 

.    21S.3 

5,893 

4.125 

3,830 

3,535 

3,241 

2.9^7 

The  Fahrenheit  scale  is  used  most  generally  in  domestic, 
commercial,  and  industrial  fields.  Its  lowest  point,  zero  (0°)» 
designates  the  lowest  point  to  which  mercury  will  fall  in  a 
tuhe  when  surrounded  by  a  mixture  of  salt  and  ice.  The 
point  at  which  water  freezes — called  the  freezing  point  (32**) 
— ^is  noted»  and  the  point  at  which  water  boils  under  normal 
conditions  is  noted  as  212'';  the  distance  between  is  divided 
into  180  equal  divisions  called  degrees. 

The  Centigrade  scale  is  divided  into  100  equal  divisions 
called  degrees  between  the  freezing  point  of  water  (0**)  and 
its  boiling  pointy  (100*)  under  normal  conditions.  These 
points  and  divisions  are  calibrated  or  marked  upon  a  glass 
tube  containing  mercury,  the  expansion  of  which  by  heat  indi- 
cates the  number  of  degrees,  or  the  temperature. 

The  distance  from  32**  (freezing  poipt)  to  212®  (boiling 
point),  or  180**  Fahrenheit,  is  equal  to  the  distance  0®  (freez* 
ing  point)  to  100**  (boiling  point)  on  the  Centigrade  scale;  or 
each  degree  on  the  Fahrenheit  thermometer  is  100/180  or 
5/9  of  a  degree  on  the  Centigrade.  Therefore  to  convert 
Fahrenheit  temperatures  to  Centigrade  temperatures,  it  is 
necessary  to  subtract  32  (degrees),  and  multiply  by  5/9.  To 
convert  Centigrade  temperatures  to  Fahrenheit  temperatures, 
multiply  by  9/5,  and  then  add  32  (degrees). 

Temp.  C.=(Temp.  F.— 32')  5/9. 

Temp.  F.=(Temp.  CX9/5)-f32*. 
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TABLE  13 

Estimated  Weight  of  a  Cubic  Foot  of  Dry  Lumber 

Kind  of  Lbs.  per 

Wood  Cu.  Ft. 

Alder    50 

Apple  50 

Aflh 47.5 

Beech 44 

Birch    44 

Boxwood   62 

Butternut   24 

Cedar  (American)   35.6 

Cedar   (West  Indian)-..  47 

Chestnut  39 

Cherry  44 

Cork 15 

Ebony    79 

Elm 38 

Fir    (New  England)....  35 
Fir  (Norway  spruce)...  32 

Fir,  White   *...  36 

Gum,   Blue 53 

Hackmatack 37 

Hazel   58 

Hemlock   25 

Hickory  (Pig  nut)   50 

Hickory  (Shell  bark)....  43 

Holly    48 

Hornbeam 47 

Ironwood  71 


Kind  of 
Wood  Co.  PL 

Juniper    .-  35 

Lancewood  45 

Larch 35 

Llgmum  Vitae 83.3 

Logwood  67 

Mahogany  (Honduras)..  35 
Mahogany  (Spanish)  ...  54 

Maple    48 

Oak,  Live 66 

Oak,  Red   45 

Oak,  White   52 

Pine,   Pitch   41 

Pine,  Red  or  Norway. . .  37 

Pine.  White    25 

Pine,  Yellow  34 

Poplar    28.6 

Rosewood   45.6 

Satinwood    55.3 

Spruce  25 

Sycamore    ^ 37 

Tamarack  24 

Teak    47 

Walnut    42 

Walnut,  Black  32 

Willow    33 


TABLE  14 


Weight   of   Dry   Lumber,   In    Pounds   per  1,000   Feet,    Board 

Measure 

Ki nd  of  Wood  Pounds  per  1,000  Fe«t 

White  Pine—  Board  Measure 

2-ln.,  rough  or  SIB   2.500 

24n.  SISIE,  S4S  or  DftM  2,200 

3-in.  and  4x4-in.  to  8x8-ln 3,000 

Battens,  O.  O.  ' 1,600 

Boards,  common,  rough 2,400 

Boards,  common,  SIS  or  S2S 2.000 


WEIGHT    OF   LUMBER 

Ceiling,   %-ln 

Fencing,  rough   

Fencing,  SIS  or  S2S    

Finish,  SIS  or  S2d 

Lath,  %-ln 

Shingles   

Shiplap  and  D.  &  M 

Siding,  drop   

Roofing,   grooyed    

CypreM— 

Rough,  2-ln.  and  under  

"      ,  2%  and  3-in 

Battens,  O.  G.,  2-ln 

Battens,  O.  G.,  2%-ln. 

Battens,  O.  G.,  3-ln 

Celling,    %-ln 

CelUng.  %-ln 

Celling,  %-ln.   .-. 

.      Celling,  %-ln 

Flooring,    %-ln 

Lath,  fence,  %-ln 

Lath,  plaster,  %-in 

Pickets,  D.  &  H..  %x2%x4-ft 

Pickets,  D.  &  H.,  Ii4xl%x4-ft 

Shingles,  all  grades    

Siding,  bevel,  %-ln 

Pacific  Coast  Lumber — 

•  California  sugar  pine,  1-ln.,  rough 

California  redwood,  1  to  2-ln.,  rough.... 

California  redwood,  1  to  2-ln.,  SIS 

California  redwood,  1  to  2-ln.,  S2S 

Cedar  shingles,  A : 

Oregon  fir,  1-ln.,  rough  

Washington  red  cedar,  1-in.,  rough 

Washington  red  cedar,  1-ln.,  dressed 

Yellow  Pine— 

Short-Leaf 

Base,  moulded  2.000 

Boards,   common    3,200 

SIS  or  S2S  ....  2,500 

Celling,   %-ln 1,000 

%-ln 1,300 

%-In 1.500 

%-in 1,800 


845 

100 
2,400 
2,000 
2,000 

500 

250 
1,800 
1,800 
1,800 

3,000 
3,500 

500 

600 

700 
2,300 
1.600 
1.300 
1.000 
2,300 

900 

500 
1.800 
1.600 

300 
1,000 

2,200 
2,500 
2,200 
2.000 
200 
2,200 
2,300 
2,000 

Long-Leaf 
2.100 
3,400 
2.700 
1,000 
1,300 
1,600 
1.900 
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Finish,  rough 3.200  3.400 

"    ,  SIS  or  S2S  2,500  2.700 

"    .  1-in.  S2S 2,500  2.600 

"    ,  1,  !%,!%.  and  2-in.,  rough        3,100  3.400 

"    >  1%.  1^>  and  2'in..  S2S...        2,700  2.800 

Flooring,  13/16-in 2,000  2.200 

Flooring,   grooved    2,400  2,600 

Shlplap,  D.  &  M 2,300  2.500 

Siding,  from  1-in.  stock 1.000  1.000 

"      1%-ln.  stock  1,250  1.400 

2x4,  2x6,  and  2x8-ln..  rough 3,200  3.400 

2x10  and  2xl2-in.,  rough  3,200  3,400 

2x14  and  3xl24n.,  rough 3,700  3,900 

4x4-in.,  and  over,  rough 4,000  4,300 

2x4,  2x6.  and  2x8-in.,  SISIE 2,500  2,700 

2x10  and  2xl2-in.,  SlSlE 2,600  2.800 

2x14  and  3xl2-in.,  SlSlE 3,200  3,600 

4x4-in.  and  ever,  SlSlE 3,200  3,400 

Norway  Pine — 

Pounds  per  1,000  Feet 
Board  Measure 

Lumher.  rough   2,700 

"      ,  dressed 2.300 

"      .  D.  &  M 2.000 

Tlmhers.  heavy,  rough  2,800 


TABLE  15 
Weights  off  Merchandise 

(M.  S.  Ketchum) 


COMMODITT 

Wool  in  bales , 

Woolen  goods 

Baled  cotton 

Cotton  goods 

Bags  in  bales 

Paper 

Wheat. 

Com , 

Oats 

Baled  hay  and  straw 
Bleaching  powder. . . 

Soda  ash 

Box  indigo 


Wt.  in  Lbs. 
perCu.  Ft. 


5to28 

13  to  22 
12  to  43 
11  to  37 

7to36 
10  to  69 
39  to  44 

31 

27 

14  to  19 
31 
62 
43 


CoucoDnr 

Caustic  soda. . . 
Barrel  starch. .. 

"    Ume 

"    cement. . 

"    piaster.. 

"    lardoO.. 

Rope 

Box  tin 

Box  glass 

Crate  croclcery. 
Bale  leather. . . . 

Sugar 

Cheese 


Wt.  in  Ubs. 
pwCu.  Ft. 
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Weight  and  Strength  of  Rope 

(Godfrey's  Tables) 
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StTongth  of 

8ii«  in  Cir- 

Siiein 

Weight  of 

Manila  Rope, 

Tarred  Hemp 

cumference 

Diameter 

100  Ft. 

in  Pounds, 

(Sisal  Rope 

about  26  per 

cent  less) 

Rope;  Weight 
of  100  Ft. 

^  ' 

H 

30 

300 

^ 

35 

540 

H 

a 

45 

780 

"54 

1 

& 

55 

1,000 

69 

1^ 

65 

1,280 

73 

IJi 

s 

75 

1,560 

86 

1^ 

85 

2,250 

98 

IJi 

p 

110 

3,060 

135 

2 

140 

4,000 

162 

2H 

2H 

?i 

170 

5,000 

214 

'<  ^ 

200 

6,250 

263 

2Ji 

Vi 

240 

7,500 

290 

3 

275 

9,000 

347 

3Ji 

lA 

325 

10,500 

400 

3H 

1% 

360 

12,250 

455 

3Ji 

410 

14,000 

526 

4 

IJi 

460 

16,000 

620 

4^ 

1% 

510 

18,000 

719 

4^ 

l-ff 

585 

20,250 

781 

4^ 

\yi 

640 

22,500 

870 

5 

1^ 

720 

25,000 

932 

5J4 

IJi 

835 

30,250 

1,190 

6 

IH 

1,050 

36,000 

1,400 

6j| 

2 

1,150 

39,000 

1,525 

2>i 

1,250 

42,250 

1,688 

7 

2^ 

1,425 

49,000 

1,906 

7H 

2^ 

1,700 

56,250 

2,188 

8 

i 

2,000 

64,000 

2,562 

8H 

2,300 

72,250 

2375 

9 

2,650 

81,000 

3,312 

9}4 

3 

3,000 

90,250 

3,625 

10 

^ 

3,400 

100,000 

4,187 

11 

4,000 

118,000 

5,094 

12 

3^ 

4,700 

135,000 

5,938 

13 

4Ji 

5,650 

156,000 

7,060 

14 

4J^ 

6,600 

211,000 

.      8,190 

15 

5^2 

7,500 

230,000 

9,438 

The  working  strain  is  about  one-third  to  one-seventh  of  the  breaidng 
strain.  The  minimum  diameter  of  the  pulley  should  be  from  30  to  40 
times  the  diameter  of  rope  to  be  used. 

Weights  of  rope  are  liable  to  vary  either  way. 
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WEIGHT  OP  CASTINGS 

TabJe  17  is  very  useful  for  determining  the  weight  of  any 
casting  before  it  is  made,  hy  simply  weighing  the  pattern.  It 
should  be  noted  that  the  weight  of  the  core  prints.  If  any. 
should  be  deducted. 

TABLE  17 

Proportionate  Weight  of  Castings  to  Weight  of  Patterns 


A  Pattern 
of 

1 

6 

i 

m 

1 

m 

t 

s 

1 

Pine  or  Fir 

Oak 

16 

9 

9.7 
13.4 
10.2 
10.6 
12.8 
11.7 

085 

15.8 
lO.l 
10.9 
15.1 
11.5 
11.9 
143 
13.2 
0.95 

16.7 
10.4 
11.4 
16.7 
11.9 
12.3 
14.9 
13.7 
0.99 

16.3 
10.3 
11.3 
15.5 
11.8 
12.2 
14.7 
13.5 
0.98 

17.1 
10.9 
11.9 
16.3 
12.4 
12.9 
15.5 
14.2 
1.0 

13.5 
8.6 

Beech 

9.1 

Linden . .« 

Pear 

12.9 
9.8 

Birch 

10.2 

Alder 

12.2 

Mahoeanv 

1.2  1 

•W«»UW^«*MJ    ********* 

prass 

lO.S 

PRESERVATIVE  TREATMENT  OF  LUMBER 

Cheap  grades  of  lumber  may  be  made  to  compare  with 
better  grades  in  point  of  service  by  treating  the  lumber  by 
some  one  of  the  preservative  processes  now  used.  A  com- 
mon method  is  the  absorption  of  creosote  or  zinc  chloride,  or 
a  combination  of  the  two,  thereby  filling  the  pores  of  the 
wood  with  material  which  will  withstand  the  action  of  moist- 
ure or  decay.  When  properly  treated,  woods  like  cotton- 
wood,  willow,  sycamore,  and  low-grade  pine  will  outlast  un- 
treated cedar  and  oak,  thereby  increasing  the  value  of  the 
cheaper  woods  so  that  they  will  compare  favorably  with  the 
more  expensive  grades  of  timber. 

Impregnation  with  creosote  has  been  highly  cheapened 
by  the  introduction  of  the  open-tank  system,  which  can  be 
installed  very  cheaply,  especially  if  an  old  boiler  Is  used  for 
the  tank.  A  tank  with  a  bottom  area  of  12  sq.  ft.  will  be  of 
a  capacity  sufficient  for  treating  40  or  60  6-in  fence-posts  a 
day,  but  double  this  number  if  two  runs  per  day  are  made. 

This  process  is  especially  favorable  in  the  treatment  of 
fence-posts,  railroad  ties  and  even  for  ordinary  lumber  which 
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l8  to  be  exposed  to  decaying  Influences.  In  tbe  treatment  of 
fence-posts  the  absorption  of  creosote  per  post  Is  about  as 
follows: 

Ash,  hickory,  red  oak,  elm,  and  maple.  ••     .4  gallon 

Douglas  flr   6       " 

Sycamore,  cottonwood,  lodge-pole  pine 7      '' 

Since  the  price  of  creosote  varies  in  different  parts  of 
the  country,  the  cost  of  treatment  for  any  given  number  of 
posts  will  have  to  be  determined  for  a  given  locality.  Fence- 
posts,  if  properly  treated,  should  give  service  for  at  least  20 
years.  A  rough  estimate  of  cost  would  be  4  cents  per  post 
where  creosote  is  10  cents  per  gallon,  or  15  cents  per  post 
where  creosote  is  27  cents  per  gallon,  as  in  the  case  of  the 
Rocky  Mountain  States. 

When  zinc  chloride  is  used,  about  ^  pound  of  dry  zinc  is 
required  per  cu.  ft.  of  wood;  while  if  the  creosote  process  is 
used,  2  to  12  pounds  of  creosote  are  required  per  cu.  ft.  of 
wood,  depending  upon  the  degree  of  absorption.  In  the  zinc 
chloride  process,  the  cost  of  treating  a  7  by  9-in.  by  8-ft  rail- 
road tie  is  about  17  cents  when  zinc  chloride  costs  4  cents 
per  gallon;  or  $4.10  per  thousand,  board  measure,  in  the 
treatment  of  lumber.  When  creosote  is  7  cents  per  gallon,' 
various  processes  of  treatment  for  railroad  ties  will  cost  from 
26  to  46  cents  per  tie;  or  $6.00  to  $11.00  per  thousand  feet, 
board  measure,  for  timber  or  lumber. 


TABLE  18 

Standard  Sizes  of  Plate-Iron  Washers 

(Trautwlne) 


Thick- 

Thick- 

- 

ness 

Num- 

neas 

Num- 

Diameters 

(Bir. 

ber  in 

Diameters 

(Bir. 

ber  in 

(Inchee) 

Wire 
Gauge) 

Pound 

(Inches) 

TTire 

Gauge) 

Pound 

, 

H 

18 

450 

2 

8 

10 

10.1 

/4 

T€ 

16 

210 

2H 

9 

8.6 

% 

■ff 

16 

139 

2H 

1^ 

9 

6.2 

^ 

16 

112 

2?i 

IH 

9 

5.2 

1 

ft 

14 

68 

3 

9 

4.0 

14 

43 

3H 

iH 

9 

-2.8 

12 
12 

26 
22.5 



i?4 

H 

10 

13.1 

.... 
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8PEEDS  OF  CUTTING  TOOLS   FOR   WOOD  AND   METAL. 

Conditions  vary  to  so  great  an  extent  in  different  kinds  of 
work,  and  with  different  materials,  that  it  is  difficult  to  giTe 
an  exact  speed  for  a'  given  tool,  whiph  will  be  of  best  adrant- 
age  at  all  times.  The  following  speeds  are  necessarily  ap- 
proximate, and  should  be  treated  as  such  in  any  work.  The 
only  safe  way  to  gauge  the  proper  speed  for  a  given  tool  in  a 
given  class  of  work,  is  to  obtain  a  list  of  cutting  speeds  from 
the  manufacturer  of  that  particular  tool. 

The  matter  of  speeds  of  circular  saws  and  of  woodwork- 
ing machinery,  is  a  very  delicate  and  often  a  dangerous  propo- 
sition, and  should  be  determined  only  by  the  directions  of 
the  manufacturer.  There  is  no  general  rule  for  the  speed  of 
saws  of  a  given  diameter,  since  saws  even  of  the  same  diam- 
eter take  different  speeds,  according  to  the  gauge,  quality, 
temper,  style  of  teeth,  timber  to  be  cut,  etc.  It  Is  often 
stated  that  circular  saws  should  be  run  at  such  a  speed  that 
the  teeth  will  travel  between  9,000  and  10,000  linear  feet  per 
minute. 

Table  19,  indicating  the  speeds  of  circular  saws,  will  give 
an  approximate  idea  of  the  revolutions  per  minute  for 
of  different  sizes. 

TABLE  19 

Speeds  of  Circular  Sawa 


Size  of  Saw 

Revolutions 

Size  of  Saw 

Revolutions 

(Inches,  Diam.) 

per  Minute 
4,300 

(Inches.  Diam.) 

per  Minute 

8 

24 

1.450 

10 

3,500 

26 

1.300 

12 

2.900 

28 

1,200 

14 

2.500 

30 

1.150 

16 

2,100 

32 

1,100 

18 

1,900 

34 

1,000 

20 

1,700 

36 

950 

22 

1,600 

Table  19  is  figured  on  a  peripheral  speed  of  9.000  ft  per 
minute;  but  saws  for  portable  mills  are  usually  run  at  a  speed 
of  about  450  revolutions  per  minute,  and  saws  for  steam  feed 
mills. from  600  to  900  revolutions  per  minute. 

These  values,  as  cautioned  above,  should  be  looked  upon 
only  as  approximate,  and  treated  with  suspicion  until  verified 
by  the  manufacturer  of  the  saw. 
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For  band  8aw8  it  Is  often  stated  that  for  wheels  up  to 
three  feet  in  diameter,  4,000  ft  per  minute  linear  speed  is 
considered  to  be  adequate  for  soft  and  medium  woods;  while 
for  hardwood,  about  3,500  ft.  per  minute.  For  band  saws  with 
wheels  over  three  feet  in  diameter,  speeds  may  be  increased. 

In  planer  and  Jointer  work,  opinions  seem  to  differ  accord- 
ing to  the  type  of  machine  used;  but  it  seems  to  be  fairly 
well  agreed,  that  in  either  machine  the  cutting  edge  should 
travel  at  a  speed  of  from  4,000  to  6,000  ft.  per  minute. 

The  criticism  given  above  in  regard  to  consulting  the  man- 
ufacturer as  to  the  proper  revolutions  per  minute  will  apply 
as  well  to  emery  wheels  as  to  saws. 

Table  20,  based  upon  a  peripheral  speed  of  5,500  ft,  per 
minute,  will  give  an  approximate  idea  of  the  proper  revolu- 
tions per  minute  at  which  emery  wheels  of  different  di- 
ameters should  be  run. 

TABLE  20 

Safe  Speed  of  Emery  and  Corundum  Wheels 


Diameter  of 

Revolutions 

Diameter  of 

Revolutions 

Wheel  (Inches) 

per  Minute 
5,250 

Wheel  (Inches) 

per  Minute 

4 

12 

1,750 

5 

4^^200 

14 

1,500 

6 

3,500 

16 

1.300 

7 

3,000 

18 

1,175 

8 

2,625 

20 

1,050 

9 

2,325 

22 

950 

10 

2,100 

24 

875 

\^^' 


For  metals,  the  speed  of  the  cutting  point  or  edge  of  the 
tool  will  vary  according  to  the  kind  of  metal  to  be  cut,  kind 
of  steel  used  in  making  the  given  tool,  depth  of  cut  to  be 
taken,  and  amount  of  feed  taken  by  the  tool  at  each  revolu- 
tion. An  average  cutting  speed  for  planing  steel  is  20  ft  per 
minute;  and,  for  planing  cast  iron,  26  ft.  per  minute.  The 
speed  for  turning  and  for  milling  soft  steel,  or  wrought  iron, 
is  about  48  ft  per  minute. '  Soft  brass  is  often  cut  at  the 
rate  of  120  ft.  per  minute.  These  speeds  refer  to  the  use  of 
tools  made  from  ordinary  steel. 

Where  high-speed  steel  is  used  for  making  the  tools,  these 
cutting  speeds  may  be  increased;  but  same  should  be  gov- 
erned by  the  directions  issued  by  the  manufacturer  of  the 
particular  brand  of  steel  used.    With  some  brands  of  steel. 
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a  cntting  speed  as  high  as  175  ft  per  minnte  may  be  used 
on  mild  steel,  where  a  cut  not  to  exceed  %  In.  in  depth  and  a 
feed  of  3/64  in.  are  used.  Generally  better  results  are  ob- 
tained with  much  lower  speeds.  As  the  depth  of  cut  and 
feed  is  increased,  less  reduction  in  speed  is  required  with 
the  high-speed  steels  as  compared  with  ordinary  tools. 

Table  21  will  give  an  idea  of  the  speed,  depth  of  cut,  and 
feed  often  used  with  high-speed  steels. 

TABLE  21 
Speeds  for  High-Speed  Steel  Lathe  Work 


Metal 

Cutting 

Cut 

Feed 

per  minute. 

MUd  Steel 

••       •• 
•I       •• 
••       •• 
•fl       •• 
•«       •• 

»8 

30 
72 
72 

i 
i 

Linch 
•• 

:: 

•• 

M 

Alnch 

5.8  Ibi. 

zs  - 

10.4  - 
14      - 

6  - 

7  - 

CARE  OF  BELTS 

The  main  care  the  average  belt  gets  in  small  woodwork* 
Ing  institutions  is  to  have  new  lacings  put  in  when  the  old 
ones  wear,  and  to  have  a  piece  cut  out  and  the  belt  made 
tighter  when  it  fails  to  pull  its  load.  Belts  running  on  a 
moderate  load  do  not  need  a  great  deal  of  attention;  still  a 
little  attention  is  wortlv  while,  as  one  not  only  gets  better 
service  out  of  the  belt,  but  increases  its  life  and  usefulness. 

Belts  should  be  run  as  slack  as  possible — that  is,  just 
tight  enough  to  do  their  work  with  a  fair  factor  of  safety* 
and  no  more.  There  are  more  belts  ruined  by  being  unneces- 
sarily tight  than  are  worn  out  in  actual  service.  Keep  the 
surface  of  the  belt  in  good  shape  and  it  will  not  have  to  be 
so  tight  as  when  left  unattended. 

If  a  leather  belt  in  use  gets  dirty  from  an  accumulation  of 
dust,  oil,  etc.,  take  the  time  and  trouble  to  clean  it.  To  cut 
the  grease  and  loosen  the  dirt,  use. a  mixture  made  of  3  parts 
of  benzine,  naphtha,  or  gasoline,  and  1  part  of  turpentine.  If 
the  use  of  this  mixture  is  prohibited  in  the  shop  because  of 
the  danger  of  fire,  explosions,  etc.,  use  the  turpentine  alone 
to  loosen  the  grease.  After  the  belt  is  clean  and  dry,  apply 
a  light  coat  of  some  good  belt  dressing,  or.  in  the  absence  of 
that,  a  little  castor  oil  or  tallow.  The  majority  of  mineral  and 
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vegetable  oils  are  injurious  to  belts,  and  should,  not  be  used. 
In  common  practice,  however,  they  are  used  quite  extensively; 
in  fact,  it  is  not  unusual  in  most  shops  to  take  lubricating 
oil  and  pour  same  on  belts  that  seem  to  be  in  need  of  limber- 
ing up.     But  this  is  not  good  practice. 

The  mixture  mentioned  is  for  cleaning  leather  belts  and 
should  not  be  used  on  rubber  belts,  since  it  will  cut  the 
rubber.  Rubber  belts  may  be  cleaned  with  a  little  soap^  and 
water;  but  use  it  sparingly  so  as  not  to  injure  the  belt/ 

To  make  a  rubber  belt  more  pliable  and  cause  it  to  stick 
to  the  pulleys  better,  moisten  it  lightly  on  the  inside  with 
boiling  linseed  oil.  Animal  oils  or  grease  should  not  be  used 
on  rubbed  belts. 

In  the  lacing  of  belts  there  are  so  many  different  methods, 
and  their  claims  for  superiority  are  so  confusing  and  gen- 
erally so  obscure,  that  study  of  them  becomes  more  tiresome 
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*feEST*  METHOD  OF  LACING  BELTING 
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Fig.  2.     Approved   Method   of   Lacing   Belts. 


than  enlightening.     Fig.   2  shows  what  one  of  the  leading 
belt  manufacturers  considers  to  be  the  best  method  of  lacing. 
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When  there  is  trouble  in  threading  the  end  of  the  lace 
leather  through  the  holes,  try  lighting  a  match  and  burning 
the  end  of  the  lace  leather  with  It.  A  little  burning  will  usu- 
ally make  the  end  hard  and  stiff  so  that  it  will  serve  as  a 
sort  of  needle  point  and  can  readily  be  pushed  through  the 
holes.  Of  course,  the  part  of  the  lace  string  that  is  burned 
is  ruined  and  will  have  to  be  cut  off. 

Table  22  shows  the  spacing  for  holes  in  lacing  belts. 

TABLE  22 
Spacing  of  Holes  for  Lacing  Belts 


Centers  of 

outer  holes 

on  the  row 

Width  of 

Punch  first 

Punch  second 

nearest  the 

Sixe  of  laee 

Belt 

row  of  holes 

row  of  holes 

ends  of  the 

leather  to  be 

(Inches) 

from  ends  of 

from  ends  of 

belt  to  be 

used 

belt 

belt 

distant  from 

each  edge  of 

the  belt 

2to  4 

/^  in. 

Jiin. 

%  in. 

Ahu 

6to  8 
10  to  12 

sz  «« 

1      " 

1/  (( 

5^   <( 

A  " 

14  to  16 

H  " 

IH  " 

H" 

18  to  20 

%" 

IH" 

r- 

22  to  24 

1     " 

2      " 

1     " 

GLUING    EMERY  TO   WOOD   OR    METAL 

A  cement  having  great  holding  power  in  gluing  emery  to 

wood  or  metal,  is  made  by  melting  together  equal  parts  of 

shellac,  white  resin»  and  carbolic  acid  (in  crystals),  adding 

the  carbolic  acid  after  the  shellac  and  resin  have  been  melted. 

TO  KEEP  TOOLS  FROM  RUSIING 

Take  two  ounces  of  tallow  and  one  ounce  of  resin;  melt  to- 
gether, and  strain  while  hot  to  remove  the  specks  in  the 
resin.  Apply  a  slight  coat  on  the  tools  with  a  brush,  and 
this  will  keep  off  rust  for  any  length  of  time. 

TO  PREVENT  GLUE  FROM  CRACKING 
Glue  frequently  cracks  because  of  the  drsmess  of  the  air 
in  rooms  warmed  by  stoves.  The  addition  of  a  little  chloride 
of  calcium  to  glue  will  prevent  this  disagreeable  tendency  to 
cracking.  Chloride  of  calcium  has  such  powers  of  absorption 
that  it  attracts  enough  moisture  to  prevent  the  glue  from 
(^racking. 


^ 
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Table  24  will  be  found  useful  in  reducing  linear  measure- 
ments in  inches  and  fractions  of  inches  to  their  decimal 
equivalents  in  feet. 

It  indicates  the  equivalent,  in  decimals  of  a  foot,  for 
1/64  in.,  and  for  every  increase  of  1/64  in.  in  linear  measure- 
ments up  to  1  ft  For  example,  suppose  we  wish  to  find  the 
value  of  2%  in.  expressed  as  a  decimal  of  a  foot.  Reading 
down  the  column  headed  "2""  till  we  come  to  the  cross-line 
marked  "5-8"  at  the  left,  we  find  .2188.    Thus, 

2%  in.=.2188  ft 

I 

TABLE  23 
Heat  and  Power  Equivalents 


Unit 


I  fl.  P. 

per   hoafM 


Equivalent  Valub  in  Other  Units 


.746  K.  W.  bour. 

1.980,000  ft.lbs. 

2.545  beat  units. 

273  J40  K.  0.  M. 

.175  lb.  carbon  oxidized  with  perfect  leffldencj. 

2.64  lbs.  water  evaporated  from  and  at  212*  P. 

1^  0  lbs.  water  raised  from  62*  F.  to  212*  F. 


1 H.  P.« 


746  Watts. 

.746  K.  W. 

33,00u  ft.-lbs.  per  minute. 

550  ft.-lbs.  per  second. 

2.545  beat  units  per  bour. 

42.4  beat  units  per  minute. 

.707  beat  unit  per  second. 

.175  lb.  carbon  oxidized  per  hour. 

2.64  lbs.  water  evaporated  per  bour  from  and  at  212*  F. 


1  Heat  Unit 
1    (B.  T.  U.)- 


1.055  Watt  seconds. 

788  ft.-lbs. 

1U7.6  kilogram  meters. 

.000203  K.  W.  hour. 

.000393  H.  P.  bour. 

.0000688  lb.  carboa-  oxidized. 

.001036  lb.  water  evaporated  from  and  at  212*  F. 


A  unit  of  beat  (British  thermat 
unit)  is  the  duantitj  of  beat  re- 
quired to  raise  I  pound  of  water 
1*  Fabr.  in  temperature,  at  sea 
level. 


1  Heat  Unit 
per  SQ.  ft.  per 
minute: 


.122  Watt  per  sq.  inch. 
.0176  K.  W.  per  sq.  foot. 
.0236  U.  P.  per  sq.  foot. 


1  lb.  carbon  ,  ^ 
oxidized  with 
perfect      effi- 
ciency— 


14.544  heat  units. 

1.11  lbs.  anthracite  coal  oxidized. 

2.5  lbs.  dry  wood  oxidized. 

21  cubic  feet  illuminatijig  gas  oxidized. 

4.26  K.  W.  hours. 

5.71  H.  P.  hours. 

11.315.000  ft- lbs. 

15  lbs.  water  evaporated  from  and  at  212*  F. 


1  lb.  water 
evaporated 
from  and  at 
212*  F.« 


283  K.  W.  hour. 
379  H.  P.  hour. 
965.2  «heat  units. 
103.000  K.  G.  H. 
1.019.000  Joulea. 
751.300  ft.'lbs. 
.0664  lb.  of  carbon  oxidized  perfectly. 


TABLE  24— Equivalents,  In   Decimals  of  a  Foot,  for  Inches 

and  Fractions  of  Inches 

(Calculated  for  each  l-64th  in.  difference,  up  to  1  ft) 


Inch;  0" 

1" 

2" 

3" 

4" 

5^'    1    6"" 

1    7" 

8"  ' 

I    »" 

1  ur 

1   11- 

-0" 

0 

.0833 

.1667 

.2500 

.333; 

.4167,    .5000    .583: 

.06^     .75001    .8333!    .9iC7 

1-W 

.0013 

.0S46 

.168C 

.2543 

.334( 

.41801   .5013    .68*t 

.6680    .7513 

.85461    .91<0 

1-32 

0026 

.Oi>59 

.1693 

.2526 

.335S 

.4193    .5026    .5&M 

.6693     .7526 

.855^ 

.9lf3 

Z-6t 

.0039 

.0872 

.170« 

.2539 

.3372 

.4206;    .503* 

.58^1 

.0706    .753S 

.837-J 

.9:co 

1-1(1 

.0052 

.08S5 

J7ia 

.2552 

.33W 

.4219    .50a: 

.5881 

.6719    .755- 

.8383 

.9:1a 

5-6* 

.0065 

.0898 

.1732 

.2565 

.33981    .42321   .5CcJ 

.589S 

.6732    .7565 

.839*1 

.9:2J 

*-32 

.0078 

.0911 

.1745 

.2578 

.3411 

.4245    .5075 

.5911 

.674J 

1    .7578^    .8411 

.9245 

7-64 

.am 

.09-24 

.175* 

.2591 

.3424 

.42581   .5091 

.5924 

.67581    .7.591 

.8424 

9238 

l-« 

.0104 

.0937 

.1771 

.2604 

.3437 

J271 

.5104 

.5937 

.6771 

.7604 

.&4r 

.8271 

9-^ 

.0117 

.0931 

.1784 

.2617 

.3451 

:J8I 

.5117 

.5851 

.6784 

.7617 

.M51 

.9284 

5-32 

.0130 

.0964 

.1797 

.2630 

.3464 

.5130 

.5964 

.6797 

.76^ 

.8464 

9297 

11-64 

.0143 

.0977 

.1810 

.2643 

.3477 

.4310 

.5143 

.5977 

.6810!    .7643 

.8477 

.9310 

3-16 

.0156 

.0990 

.1823 

.2650 

.3490 

.4.r23 

.5156 

.5900 

.6^23;    .7656 

.8490;    .93^ 

lS-64 

.0169 

.1003 

.1820 

.26«.9 

.3503 

.4336:   .5169 

.ftK^ 

.6*si6 

.7'/.9 

.8503,     9336 

7-32 

.0182 

.1016 

.1849 

.2682 

.3516 

.43491   .5182 

6016 

.6849 

.768^ 

.8516'    .9549 

15-64 

.0195 

.1029 

.1802 

20^5 

.3529 

.4362 

.5195 

.6029 

.6^62 

.7655 

,8519 

.9362 

1-4 

0208 

.1042 

.1875 

.2708 

.3542 

.4375 

.6206 

.6042 

.6875 

.7705 

.8542 

.9r5, 

4T-64 

0221 

.law 

.1888 

.2721 

.3555 

.4388 

.5221 

.ea55 

.6888 

.7721 

.s&sffl  mi 

9-32 

.0234 

.1008 

.lC-11 

.2734 

.35^^*; 

.4401 

.52;m 

.6008 

.69(^1 

.7734 

.85C8     .9401 

1J^04 

OJ47 

.lOSl 

.1914 

.2747 

.35-Sl 

.4414 

.52471    .60^1 

.6914 

.7747 

.8581     .9414 

5-16 

.OJfiO 

.1094 

.1927 

.2700    .3594 

.4427 

.5200    .C*^ 

.69.7 

.77«> 

.8594!    .9427 

21-64 

.0273 

.1107 

.1940 

.2773 

.3tW 

.4140 

.^212,   .6l<r7 

.&M0]    .7773 

.8»>1T1     9440. 

11-32 

02<6 

.1120 

.19.53 

.2786 

.36-1) 

.4453 

.52^6 

,6120 

.6a'.3'    .7786 

.^0'    M5r. 

23-04 

02\r} 

.11J3 

■.lW6i   .2790 

.3633 

.446(3 

.5299 

.6133 

.ftW6 

.77l.'9 

.865.i1 

.94(6 

^-8 

.0312 

.1146 

.1979 

.2812 

.3046 

.4479 

.6:il2 

.6146 

.6«:9 

.7812 

.8646 

.9479.' 

25-64 

.0326 

..11*59 

.1992 

.2?26 

36.59 

.44?2 

.5326 

.6150 

.6992 

.7826 

.8659 

.9492' 

1 3-3  J 

GSwl 

.1172 

.2005 

.2839 

.'3672 

.45C5 

.5330 

.6172 

.7005 

.7839 

.8672 

Ml5 

27-64  .OIV: 

.IISS      2018 

.2852 

.3(\s5 

.45181   .6252 

.6185 

.7018 

.7852 

.86S5 

.9518, 

.9ne 

7-10    03<»5 

.11%    .-IQW 

.2SW 

..%^ 

.4531 

.5*0 

.619> 

.7031 

.7865 

.S6y8 

29-6»  .03:s 

.1211     .2044 

.2S78 

.3711 

.4544 

.ft.r:? 

.6211 

.7044 

.7878 

.8711 

15-32  cm 

12-24    .20:-^7 

.2Sr.] 

.3724 

.4-5.^7 

.5391 

.6224 

.7a';7 

.7891 

.8724 

.9557' 

Zl-iA  .041)4 

.V2:\:\  .2070 

.2904 

.3737 

.4.-.70 

.5404 

.6-2/7 

.7070 

.7904 

.8777 

Sk^-Ol 

1-2     0417 

.1250    .2083 

.2917 

.3750 

.4583 

.5417 

.6250 

.7ni»3 

.7917 

.8750 

.9583) 

S3-64   0430 

.12133'  .20% 

.2930 

.3763     .4596 

.5430 

.6203 

.7096 

.7930 

.8763 

.9596 

17r3:>;  044.-^ 

.1276|     2109 

.21^4.3 

.37761    .4C-T9 

.5443 

.6276 

.7109 

.7t'43 

.877(V     9tV-9 

35-64,  04:.0 

.12^9;    .2122 

.20.-.6 

.37.V9     .4622 

.5456 

.628ii 

.7122 

.rx:<- 

.87>^1    .9t..^ 

■  9-16 

.04fO 

.1302    .213.i 

.29-9 

.3S02     .4635 

.54»» 

.63rc 

.7135 

.7<>t9"    .8.^12'     <>v^ 

37-64 

04  S2 

.l.iI5l  .214^. 

.  21^82 

3k:5    .46J8 

.5182 

.6315 

.7148 

.7982 

.8^:5     w-ii 

19-32 

.04^*:^ 

.132?    .2101 

■.?^'i« 

3828 

.4601 

.5495 

.6.t:s 

.7161 

.79'X5 

.fs^2S 

9»6l 

39-01 

.O.T('S 

.1341I   .2174 

.3^8 

.3841 

.4674 

.5508 

.6341 

.7174 

.8008 

.8841 

^ 

5-8 

.0521 

.1354    .2188 

.3021 

.3854 

.4688 

.5521 

.6354 

.7188 

.8C21 

.8K54 

41-64 

0554 

.1367    .2201 

.3034 

.3867 

.4701 

.5534 

.6367 

.7201 

.8034 

.88^7 

.9701 

21-32 

.0547 

.;3S0    .2214 

.3047 

.38.»^ 

.4714 

.5M7 

.61«0 

.pi4 

.8047 

.K>si%    .9714 

4.V61 

.Wt-0 

.1303    .22-27 

.^m    .3>93 

.4727 

.5560 

.^1^3 

.7*227 

.8000 

.8v.b;  .7?:^ 

11-16 

.057.1 

.1406    .2240 

.307.3    .39C6 

.4740 

.5573 

.6406 

.7240 

.8073 

.8V^H 

.w<a 

45-64 

.a-v6 

.1419,   .2253 

.30*0    .3919 

.4753 

..55M) 

.64)9 

.7253 

.8rso 

.8919 

.97:3 

23-3-2 

Av.yj 

.143-2:   .2206 

.3(199    .2^?32 

.4706 

.&'99 

.64.- 2 

.72*36 

.SC'-W 

.89.^2 

.9:16 

47-61 

Cf;i2 

.1445    .2279 

.3112    ..1945 

.  .4779 

.5612 

.6445 

.7279 

.8112 

.8945 

r.:9 

*-» 

.0025 

.1458    .2292 

3125   -.3958 

.4792 

.602;- 

.6458 

.7292 

.8125 

.8^ 

.97W 

,49  64 

C638 

.1471     .2305 

.3138    .3OT1 

.4805 

.5638 

.6471 

.7305 

.8138 

.8971 

giFos 

20^32 

.('(•:>[ 

.14.S4,   .2318 

.3151    .3984 

.48.8 

.5651 

.6484 

.7318 

.8151 

.8984 

.{^13 

61-64 

.Or.L'4 

.14971   .23^U 

.3164     .3997 

.4831 

MIA 

.6497 

.7331 

.8164 

.8997     .9S31 

,13-10 

.Otj77 

.1510;  .2344 

.3177    .4010 

.4844 

.5677 

.6510 

.7344 

.6177 

.90101    .^844 

5.VM 

.cooo 

.1523    .2357 

.3190    .4023 

.4857 

.5610 

.6523 

.7357 

.8190 

.9023     .S85? 

27-.  2 

.0703 

.15?C 

.2270 

.3-J3    :40?6 

.4870 

.6703 

.65:0 

.7570 

.8-03 

.9C;^.;    .9870 

55-(l 

0710 

.1.549 

.23S3 

.3216    .4049 

.4883 

.5716 

.6^49 

.7283 

.8216 

.9049    .S^-'S 

.  7-8    .0729 

.1562 

.2396 

.3229    .4062 

.4896 

.6729 

.6562 

.7396 

.8229 

.906?    .9M^ 

'57-fi4    0742 

.1576 

.2409 

.32421     4076 

.4909 

.5742 

.e.S76 

.7409 

.8242 

.9r:«   .99Cf 

29-32  .1755 

15C9    .242-2 

.32.55;   .40^9 

.4922 

.5755 

fs'^S<> 

.74.-^ 

.8-:55f    .9C!«»i    .9S":2 

59-64  .,-68 

.1002    .2435 

.32i>8    .4102 

.4935 

.5768 

.ft4l2 

.7435 

S20S     .9102    .<«^5 

I.V16   o:^i 

.1615    .2448 

.3281     .4115 

.4948 

.67M 

.6615 

.7448 

.8281  i    .91151     9Hi 

•6J-64    0:"»4 

.1628    .2461 

.3294    .4128 

.4961 

.5794 

.6f.28 

.7461 

.8294     .9128    .»61 

31- J2    0^'^7  ■ 

.1641     .2474 

.3307    .4141 

.4974 

.5807 

6641 

.7474     .8307     .9141 1   .0974 

63-<»4 

08201 

.16541 

.24871 

.3320I 

.4154] 

.4987 

.5820 

6654 

.74S7 

M30 

.9154^ 

.9W7 

856 
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TABLE  26 
Circumferences  and  Areas  of  Circles 


OF  ONB  INCH. 

OF  INCHES  OR  FEET. 

Ftack 

Dm. 

CIro. 

Area 

DU 

arc. 

Area. 

Dla. 

Clra 

ATM. 

f-e4 

.01830 

.04000 

.00019 

1 

3.1416 

.7864 

64 

^■^ 

3216.03 

'  •82 

.081S3 

.00018 

.00077 

8 

6.8882 

3.1416 

66 

3818.31 

f  S*M 

.own 

.14780 

.00178 

3 

3.3M8 

7.0080 

66 

207.84 

3421.19 

1*16 

.OQB& 

.10635 

.00807 

4 

12.5064 

12.5664 

07 

210.40 

8625.66 

1  .04 

.078186 

.84545 

.00479 

6 

16.7D80 

10.635 

68 

213.63 

8681.63 

7-«4 

.00875 

.80458 

.00600 

6 

18.860 

28.274 

60 

216.77 

8730.83 

.loom 

.84303 

.00080 

7 

21.991 

38.485 

70 

219.91 

SS:S 

-8 

.123 

.88870 

.01227 

3 

26.188 

50.266 

71 

228.05 

.1400» 

.44181 

.01558 

3 

28.274 

63.617 

72 

226.19 

4071.83 

6*32 

.15315 

.49087 

.01917 

10 

81.416 

78.540 

78 

229.34 

4185.83 

ll"€4 

.171875 

.58800 

.08880 

11 

84.566 

06.083 

74 

233.48 

4300.84 

S*16 

.1875 

.68005 

.08781 

12 

37.009 

113.1 

75 

235.62 

4417.83 

IS"S4 

.mm 

.68817 

.08941 

13 

40^1 

132.73 

78 

838.70 

4586,43 

7*32 

.31875 

.68723 

.03758 

14 

43.068 

258.94 

77 

241.90 

4656.63 

IS*64 

.884n5 

.TSOK 

.04314 

15 

47.124 

176.71 

78 

245.04 

4778.83 

1-4 

.15 

.78540 

.04909 

16 

60.265 

201.06 

70 

248.19 

4001.37 

V-H 

.3B6flK 

-.83458 

.06642 

17 

68.407 

298'.9B 

80 

251.88 

6096.63 

.ts 

.88125 

.88357 

.06213 

18 

56.549 

254.47 

81 

254.47 

5158. 

.S0875 

.988n 

.06988 

10 

50.690 

283.58 

82 

257.61 

5881.08 

6-16 

.8115 

.08175 

.07670 

80 

62.882 

814.16 

83 

200.75 

6410.61 

.88819 

1.0000 

.08450 

21 

06.973 

840.36 

84 

263.89 

8541.77 

a£ 

.84875 

1.0?BO 

.09881 

22 

60.115 

880.18 

85 

867.04 

5074.60 

.850876 

1.1891 

.10144 

28 

72.257 

415.48 

86 

270.18 

5608.80 

'3*8 

.876 

1.1781 

.11045 

24 

75.306 

462.89 

87 

278.82 

6044.83 

2S44 

.800085 

1.8?78 

.11984 

25 

78.540 

400.87 

88 

276.46 

6082.13 

13*32 

.10085 

1.8763 

.18963 

26 

81.681 

680.98 

89 

279.80 

3821.14 

27-34 

.481875 

1.8854 

.13979 

27 

84.823 

572.66 

90 

282.74 

6361.73 

7*16 

.4875 

1.8744 

.l.'WSS 

28 

87.965 

615.75 

01 

885.86 

6603.83> 

23-34 

.458186 

1.4235 

.16126 

29 

91.106 

600.52 

92 

289.08 

6647.61 

ln£ 

.408^ 

1.4780 

.17857 

30 

04.248 

700.86 

03 

292.17 

3792.91 

.481876 

1.5818 

.18427 

31 

07.880  . 

754.77 

04 

295.81 

^S 

1-2 

.5 

1.5708 

.19685 

82 

100.58 

804.25 

96 

288.46 

^ 

.515886 

1.0100 

.80880 

33 

108.87 

855.80 

96 

801.50 

7838.28 

.58185 

1.6000 

.22166 

84 

106.81 

907.92 

07 

304.73 

7339.81 

33-34 

.540876 

1.7181 

.23489 

85 

109.96 

962.11 

08 

307.88 

7542.93 

.5015 

1.7671 

.24850 

86 

113.10 

1017.88. 

99 

811.02 

7697.60' 

.878186 

1.8168 

.28348 

87 

110.24 

1075.21 

100 

814.16 

7858.93 

S^ 

.50375 

1.8653 

.27088 

38 

119.88 

1184  11 

101 

317.80 

8011.86 

.000876 

1.9145 

.29104 

39 

122.53 

1194.5a 

102 

820.44 

8171.88 

5"8 

.085 

1.9685 

.30080 

40 

125.66 

1256.64 

103 

823.58 

8888.20 

SiS 

.040085 

2.0127 

fSf^^ 

41 

128.81 

1880.25 

104 

838.73 

8494.87 

.06085 

8.0617 

.93824 

42 

181.96 

1885.44 

105 

829.87 

8669.01 

43-34 

.871876 

8.1106 

.85458 

43 

135.00. 

1452.80 

106 

833.01 

8824.73 

.0875 

2.1508 

.87122 

44 

188.28 

1520.53 

107 

336.15 

8992.08 

43-34 

.708185 

8.800O 

.88888 

45 

141.87 

1600.48 

108 

839.29 

9100.88 

7^3^ 

.71875 

8.2580 

.40674 

46 

144.51 

1661.90 

109 

342.43 

9831.83 

47-34 

784875 

2.3078 

.48856 

47 

147.65 

1734.M 

110 

345.58 

9503.38 

8-4 

.75 

2.8582 

.44170 

48 

150.80 

1809.56 

111 

318.72 

9076.80 

43*34 

.766086 

2.4054 

.45858 

40 

158.04 

1885.74 

112 

351.86 

9882.03 

23-32 

.78125 

2.4544 

.47987 

50 

157.08 

1963.50 

113 

ffiS. 

10028.76 

31-34 

.708875 

2.5036 

.40872 

51 

160.22 

2042.82 

114 

^.14 

10207.03 

13*13 

.8185 

8.5585 

.51849 

52 

163.86 

2123.72 

115 

361.28 

10886.80 

$7-12 

.888186 

2.6017 

.53868 

53 

160.60 

2200.18 

110 

364.42 

10568.83 

.84375 

2.6507 

.55014 

54 

169.65 

2290.22 

117 

367.57 

10751.88 

.860876 

20009 

.58003 

55 

172.79 

2375.83 

118 

370.71 

10935.88 

7-8 

.875 

2.7489 

.60132 

56 

175.93 

2463.01 

119 

373.85 

11122.03 

7-34 

.800086 

2.7961 
2.8471 

.68206 
.01504 

57 
58 

170.07 
182.21 

2551.76 
2642.08 

120 
121 

376.99 
380.13 

11300.73 

.00085 

11499.01 

fcw 

.081875 

2.8068 

.60746 

50 

185.85 

2733.97 

122 

383.27 

11689.87 

.0875 

2.M.<)3 

.09029 

60 

las-.w 

2827.43 

123 

386.42 

11882.g 

'  11-34 

.068186 

2.9945 

.71349 

Al 

191.04 

89t».47 

124 

389..<S0 

12076.23 

'  11*32 

.00875 

8.(H34 

.T371K 

Oii 

194.78 

3019.07 

185 

392.70 

12271.86 

(3-34 

.034875 

3.0928 

.76097 

83 

197.92 

3117.25 

186 

895.84 

18468.93 

r 
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TABLE  26 
Upset  Screw  Ends  for  Round  and  Square  Bars 


RooND  Babs 

Squamc  dkts 

Dimroeter 
of  Round 
or  Side  of 

^r 

Inches 

Diam. 
of  Upset 

SCTfW 

End 
Inches 

Diam. 
of  Screw 
at  root  of 
Thread 

Inches 

Threads 

per  Inch 

Na 

Excess  of 
Effective 
Areauf 
Screw  End 
Over  Bar 
Percent 

Diam. 
of  Upset 

End 
Inches 

Diam. 
of  Screw 
at  root  of 
Thread 

Inches 

Thieads 
per  Inch 

Excess  of 

ESrcxive 
Aieaoi 
Screw  End 
Over  Bar 
I^rrCcnt 

« 

.620 
.620 

10 
10 

54 

21 

.620 
.731 

10 
0 

21 
33 

t 

I 

731 
.837 

9 
8 

37 
48 

1 
1 

.837 
.837 

8 
8 

41 
17 

I 

I 
VA 

837 
.940 

8 

7 

25 

34 

IK 

.940 
1.065 

7 

7 

23 
35 

n 

.  VA 

1.065 
1.065 

7 

7 

48 
29 

1.160 
1.160 

6 
6 

38 
20 

1 

lA 

1.160 
1.160 

6 
6 

35 

19 

VA 
VA 

1.284 
1.389 

6 
5K 

29 
34 

Ki 

IK 
VA 

1.284 
1.284 

6 
6 

30 
17 

""iH 
IK 

1.389 
1.490 

5K 
5 

20 
24 

lA 

VA 

1.389 
1.490 

5K 
5 

23 

29 

VA 

1.615 
1.615 

5 
5 

31 
19 

lA   ;|    lyii 

1.490 
1.615 

5 

5 

18 
26 

2 

2K 

1.712 
1.837 

4K 

4K 

22 
28 

IK   f   2 

Ift     ]    2 

1.712 
1.712 

4K 
4K 

30 
20 

2A 

2K 

1.837 
1.962 

4K 

4K 

18 
24 

lit 

2A 

2;i 

l.a37 
1.837 

4K 

4K 

28 
18 

2H 
2K 

2H 

2.087 
2.087 

4K 
4K 

30 
20 

IK 

21^ 
2K 

1.962 
1.962 

4K 

4K 

26 
17 

2.175 
2.300 

4 
4 

21 

26 

V/k         23^ 
IH         2M 

2.087 
2.175 

4K 

4 

24 

26 

2H 

^A 

2.300 
2.425 

4 
4 

18 
23 

2             2K 
2A         2H 

2.175 
2.300 

4 
4 

18 
24 

2li 
2H 

2.550 
2.550 

4 
4 

28 
20 

2M         2?>^ 
2A          2,^< 

2.300 
2.425 

4 

4 

17 
23 

3 

3>i 

2.629 
2.754 

3K 

3K 

20 
24 

^ 


MISCELLANEOUS  DATA  859 

BN0LXSE  AHD  MBIBIO  BSHUUIB 

Bntflih  MtoanzM  of  Iffogth 

13  inebefl  foot  6  H  yardi  —  1  Tod.  8  furlongivil  ste._ 

8  feet^l  Tttd.  40  rods^l  tnrlonf.         S-milM—l  iMgm. 


.j»l  ■«.  rod. 

1  VQOCL 


Snglidi  BtLJuan  Measan 
144  s^  Inehti-  1  aq.  foot.  80^  ■«.  mdt 

9  sq.  feet^l  M.  yard.  40iq.  rodi^l 

4  roods  «1  aero. 

640  acret^l  aq.  mile. 

BnglMi  OoUe  Measm 

1.728  calk  ln.»l  eoli.  foot  128  cil  ft»l  cord  (wood). 

27  cut),  ft  — 1  cob.  yard.  40  cob.  ft  — 1  ton  (alipg.). 

2450.42  cob.  In.  —  1  atandard  bnabel.  268.8  cab.  In.  —  1  atudaxd  glUIoa 
1  coble  Xoot—aboat  %  of  a  boahel. 

EngUdi  aSaasim  of  Heat  Qnantltlea 
1  kilogram  caloric  —  8.968  British  thermal  units  (B.  T.  U.). 

1  poond  caloric  — 1.8  British  thermal  units  (B.  T.  U.). 

1  British  thermal  nnlt  (B.  T.  U.)— 0.555  poond  caloric 
1  British  thermal  onlt  (B.  T.  U.)—  0.252  kilogram  caloric 

METBIO  SYSTEM 
Freflxea  of  Mnltlplaa  and  Sob-M&ltlplaa  of  Motor,  Litor,  and  Gram 

Deka-     10  DmI  -0.1 

Hecto-   100  Centl-0.01 

Kilo -1,000  MlUl  —0.001 

10  millimeters  —  1  centimeter.  10  meters  —1  dekameter. 
10  centimeters  —  1  decimeter.  •  10  dekameters  —  1  hectometer 
20  decimeters  —  ^  meter.  10  hectometers— 1  kilometer. 

METBIO  EQUIVALENTS 

Linoar  Meaaoxo 

1  centimeter  —  0.8087  In.  1  In.  —  2.64  centimeters  or  0.254  meter 

1  decimeter  —  3.987  In.  —  0.828  ft  1  ft—  8.048  decimeters  or  0.8048  meter 

1  meter  —  39.37  In.  — 1.0986  yards.  1  yard  —  0.9144  meter. 

1  dekameter  — 1.9884  rods.  1  rod  —  0.5029  dekameter. 

1  kUometer— 0.62187  mile.  1  mile  — 1.6098  kUometen. 

Surface  or  Sooaro  Moasozo 

1  sq.  centimeter  1^0.1550  sq.  in.  1  sq.  Inch  — 6.452  sq.  centimeters. 

1  sq.  decimeter  —  0.1076  sq.  ft  1  sq.  foot  —  9.2908  sq.  decimeters. 

1  sq.  meter  — 1.196  sq.  yds.  1  sq.  yard  — 0.8861  sq.  meter. 

1  are  —  3.954  sq.  rods.  1  sq.  rod  —  0.2529  are. 

1  hektar  —  2.47  acres.  1  sq.  acre  —  0.4047  hektar. 

1  sq.  kilometer— 0.386  sq.  mile.  t  sq.  mile  — 2.68  sq.  kilometers. 

Measure  of  Vdlmne  and  OapadtF 

1  CO.  centimeter— 0.061  co.  In.  1  co.  inch  — 16.30  co.  cendmetera. 

1  CO.  decimeter  —  0.0353  co.  ft  1  co.  foot  — 28^317  co.  deslmeten.' 

1  CO.  met«r  \^t  1.308  co.  yards.  1  co.  jard *=- 0,T64e  cu.  meter. 

1  ster  I    I   0.2759  cord.  i  cor  a  ^  3.0ir4  stcT* 

1  llt«»— f*^*®^8  VUkf^  ^^'  1  Qa^t^t  ^ry  =-  Lioi  Uteri. 

1  u<«<^(  1.0567  quarts  flq.  1  qur^rt  llq.  =  0.&J03  liter. 

1  dAksUtAT.  /  2.6417  gallons.  1  gaPan^  0.3785  dekaUter. 

1  omuiar-  {       ^35  ^^^  ^  nei:k  =  CWB&i  dekaliter. 

1  htktoUter- 2.8875  boshels.  1  bushel  «=  tr.;i;}24  bekwUtet. 

Welglite 
1  gram  tm  0.08527  oonce.  1  ounce  —  28.86  grams. 

1  Blogram- 2.2046  Iba.  1  lb.  — 0.4586  kUogram. 


1  metric  too  — 1.1028  BnglUOi  tons    1  English  ton— 0.9072  metric  too. 
of  2,000Tbs. 
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TABLE  27 

Weight  and  Strength  of  Chain 

(Godfrey's  Tables) 


Nominal 
Diameter 
of  Wire 
(Inches) 


Dbscriftion 


Straight-link  chain. 


Crane  chain 

Straight-link  chain. 

Crane  chain 

Straight-link  chain. 

Crane  chain 

Straight-link  chain. , 

Crane  chain 

Straight-link  chain. 
Crane  chain 


Straight-link  chain. 
Crane  chain 


Specificatiok 


Maximum 
Length  of 
100  Links 
(Inches) 


102 
lUJi 

iim 

127  J^ 

153 
151J4 

178}4 

176Ji 

204 

202 

252H 

277?<i 

280J4 

303 

353H 

416JI 

479K 

555H 


Weight 
per  Foot 
(Pounds) 


0.70 

1.10 

1.60 

1.60 

2.07 

2.07 

2.50 

2.60 

4.08 

4.18 

5.65 

5.75 

7.70 

9.80 

9.80 

12.65 

15.50 

22.50 

30.00 

39  00 


Breaking 

Weii^i 

(Fdoiuk) 


3.200 

5.000 

7,200 

8.280 

9,800 

11.270 

12.800 

14,720 

2dflOO 

23.000 

28.800 

33.120 

45.080 

58.880 

51.200 

76^20 

92.000 

132.480 

180.320 

235.520 


Crane  chains  of  wrought  iron.    Straight  link   chains  of   eitbar 
wrought  iron  or  steel. 

Proof  test= H  breaking  weight. 
Working  load^}^  breaking  wei^t. 


Ransome  Twisted   Bar. 


Cup  Bar. 


Johnson  or  Corrugated  Bar. 


Diamond  Bar. 


Twisted    Lug   Bar. 
Types  of  Deformed  Bars. 

PUn  n— Eftinuitiog  ami  Contnctinf. 


Worklngmen's  Houses  Built  of  Solid  Reinforced  Concrete* 


iSvH^MiSy  •<: 


i^i#J# 


*«M  J?  if    9t 
»t  19  |y  9f  J  4  ^ 


TiQST  f LOOQ  Plan  ^ccond  Fioor  Plan 

House  Plans  Showing  Layout  of  Hardware  Items  Needed. 

Puts  III— Efthnating  and  ContrMtinc< 


r 


Concrete  Sidewalk  Constructionf  Using  Steel  Forms. 

Plats  IV— Estimating  and  Contnctine. 


Index 


Page 

Abbreviations  for  estimators 786 

Aberthaw  Construction  Co.,  Cost 

data  from  34 

Abutments,  Bridge,  Cost  of 718 

Design   of    736 

Accident  insurance  26,  142 

Accidents  26 

^         Administration  account 32 

Aggregates,  Cost  of 305 

See  also  Concrete  construction. 
Agreement,  Standard  form  of.... 809 

Alterations  in  plans 85 

Alum  and  soap  wash 329 

Angle  of  repose  120 

Angles,  Steel.  Cost  of 423 

Apartment    buildings.    Cost    per 
cu.  ft 784 

Estimate  on  184 

Arch  bridges.  Concrete.. 727,  729,  731 

Architect  as  estimator 12 

Architect,  Pay  of 115 

Arkansas  soft  pine  grading 144 

Asbestos  shingles  266 

Ashlar,  Cost  of 365 

Asphalt  pavement  7D2 

Asphalt  shingles  265 

Asphalt  sidewalks  669 

Association  grades  of  lumber... 183 
Auger  boring  in  soil  tests 126 


Balloon  framing 8,  152 

Barn  framing 153,  154 

Bam,  Heavy  timber,  Parts  of  154, 155 

Bams,  Cost  per  cu.  ft 784 

Bars  for  reinforcement 293 

Bars,  Steel,  Cost  of 421,  425 

Bars,  Upset  screw  ends  for 858 

Barytes    596 

Basement  excavation ^..276 

Basement     walls,     see     Walls, 

Basement. 
Bathroom    fixtures.    Dimensions 

of >. 786 

Beam  filling.  Specification  for...  90 

Beams,  Board  feet  in 156 

Beans,    Floor,    Reinforced   con- 
crete. Measuring  for 280 


Page 

Beams,  Timber,  Strength  of 203 

Beams,  Tmssed 232 

Beams,  Types  of 205,  206 

Beams,    Yellow    pine.    Bending 

moments  in  222 

Safe  loads  on  211 

Bearing  power  of  piles 141 

Of  soils   141 

Beech  grading 144 

Belt-courses,    Concrete    286 

Belts,  Care  of 852 

Lacing  853 

Bending     moments     in     Y.     P. 

beams 222 

Bending  stresses  in  timber 203 

Benzi  ne 596 

Bids,  Unbalanced  22 

Bill  of  materials.  Frame  house..  168 

Bill  of  quantities  50 

Birch  grading 144 

Bits,  Drill,  Sharpening 139 

Blasting 139 

Block  and  brick  equivalents.  .332,  338 

Block  construcnon.  Cement 330 

Blocks,  Concrete,  Cost  of.... 331,  335 

Data 336,  337 

Facing 338 

In  foundations 142 

No.  required 335 

Block  pavements.  Stone 680 

Wood 709 

Costs  708 

Blodgett  rule 150 

Blome  concrete  pavement 691 

Board  feet  in  logs 149 

In  timber  148 

Boiler  horse-power 833,  834 

Boilers,  Heating,  see  Heating. 

Pressures  In  834 

Boiler  settings,  Brick  for 

409.  410,  411 

Bond,  Cost  of 27 

Bond,  Standard  form  of 811 

Bonus  or  discounts 26 

Boring  in  soil  test 126 

Bower-Barff  finish  on  hardware.. 641 

Braced  framing  8,  152 

Brackets.  Cornice 271 

Brick,  Cement Z39,  340,  407 


865 


866 


INDEX 


Pagt 
Brick,  Cement,  Day's  work  in 

laying 340 

Brick,  Classification  of 370 

Fire  brick 407 

Pressed  cement 407 

Sizes  and  weights  of  374 

Brick  and  block  costs 331 

Brick  and  block  equivalents.... 

332,  338 

Brick  construction. 370 

Comparison  with  frame 404 

No.  brick  per  cu.  yd. 379 

Brick  cornice 269 

Brick  house,  Comparative  costs 

774,  776,  779 

Cost  per  cu.  ft 784 

Specifications  for 113 

Bricklaying,  Day's  work  in 375 

Brick,  Old,  Measuriuff 382 

Brick  and  block  pavements. 681, 683 

Cost  of  709 

Brick  sidewalks  340,  668 

Brick  veneer,  Cost  of 405 

Brick  walls,  Thickness  of 

371,  372,  373,  374 

Brickwork,  Labor  costs 375 

Solid,  Cost  of 405 

Specification  for 89 

Waste  in 403 

Weight  of 375 

Bridges  and  culverts  710 

Abutments,  Cost  of 718 

Abutments,  Design  of 736 

Arch  bridges.  Cost  of 729,  731 

Beam  bridges 712 

Concrete,  Arch 727 

Concrete,  Cost  of 715,  728,  731 

Concrete,  Design  of 730 

Concrete,   Data   sheet   for  re> 

inforced  ....'. 732 

Concrete,  Girder  and  slab 

712,  715,  716.  717 

Concrete,  Reinforcement  for. ...725 

Highway  bridges 713 

Highway  arch  bridges. 727,  729,  731 

Loads  on 715,  730.  734 

Piers,  Design  of 737 

Railroad  bridges  436,  734 

Steel  bridges 436,  437,  710 

Types  of  bridges  710 

Broken  stone,  see  Crushed  stone. 

Bronze,  Liquid 613 

Brushes,  Paint 602 

Builders'    hardware,    see    Hard- 
ware. 


Pa<e 
Builder's  record  card  of  coat. ..781 

Building  costs  in  citiea 77t 

Concrete iO$ 

Buildings,    Comparative    ooc^  oi 
different  materials. .  .774,  776^  779 

Buildings,  Cost  of,  per  cu.  ft 7& 

Bush-hammering,  Concrete 337 

Butts,  Size  of 641 

Byrkit  lath  M7 

C 

Caitfsons,  Concrete 279 

Calcimining 625 

Day's  work  in 629 

Calculation  data.  Miscellaneous... 833 

Capital,  Amount  involved 24,  25 

Carpentry 144 

Bam  framing 153,  154 

Beam  types 205,  20S 

Bending    moment    in    Y.     P. 

beams  222 

Bill  of  materials.  Frame  house.  16B 

Board  feet  in  logs 149 

Board  feet  in  timber 148 

Columns,  Wood,  Design  of 204 

Columns,  Yellow  pine  223 

Cornice  work 194 

Day's  work  in 209 

Depreciation  in  buildings 20O 

Dormer  windows   197 

Estimating,  Form  for 181 

Estimating  frame  house 1S9 

Flooring,  Estimating 188 

Flooring,  Wood 183 

Flooring,  Wood.  Weight  of....  190 

Floors,  Cost  of 193 

>Ploors,  Nails  for 190 

Frame  house.  Estimate  for ITS 

Framing  costs  173 

House  parts  8,  IS 

Joists,  Yellow  pine  230 

Loads,  Allowable,  on  floors 194 

Loads  on   lumber 147 

Loads  on  yellow  pine  beams.. 211 
Loads  on  yellow  pine  columns.  224 

Lumber,  Estimating 153,  187 

Lumber  grading 144 

Lumber,  Sices  of 145 

Lumber  waste  151 

Measuring  rules ISO 

Mill  construction  237 

Mill  floors.  Y.  P 22$.  229 

Millwork 165 

Nails,  Estimating  157 

Oak  flooring   191 


INDEX 
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Page 
Caxventry— (Continued) 

Roof  conBtmction  243 

Stair  treads  and  risers 199 

Store,    office,    and    flat    bldg., 

Estimate  on 184 

Strength  of  timbers 203 

Stud  partitions.  Loads  on 231 

Timber  shrinkage 151 

Truss   construction    ..^ 239 

Trussed  beams  ^ 232 

Weight  of  timber  and  lumber 

2t)8,  209 

Yellow  pine  construction 211 

Carrer,   G.    P.,   on    arch   bridge 

costs ......729 

Castings,  Iron  ^.....435 

Weight  of 848 

Cattle  hair  for  piaster 593 

Cedar  grading 144 

Ceilings,     Steel,     Measurements 

for 272 

Ceilings,  Wood,  Board  feet  in..  156 

Cellar  excavation 276 

Cellar  floor,  Specification  for 90 

Cement,  Cost  of 30S 

Keene's 581 

'     Lafarge 582 

Portland,     Bbl.     capacity     for 

sidewalks  290 

Portland,  Covering  capacity  in 

plasteriftg,   per   bbl 345 

Weight  of  841 

Cement  brick.  Pressed  407 

See  Brick,  Cement. 
Cement    construction,    see    Con- 
crete construction. 
Cement  mortar  ....340,  345»  382,  582 

Materials  per  cu.   yd 369 

Cement    shingles    266 

Chain,  Weight  and  strength  of  860 

Channels,  Steel,  Cost  of 423 

Chart,    Barn    154 

Chart,  House   8,   152 

Chimney  flues.  Sizes  of 387 

Chimneys,     Brick,    Specification 

for    89 

No.   brick  in 385 

Chimneys,   Concrete 279,   288 

Churches,  Cost  per  cu.  ft 784 

Chum  drilling   137 

Cinder  sidewalks  669 

Circles,  Areas,   dimensions,  etc 

833,   857 

Cisterns,   Brick    405 

Cisterns,    Capacity  of 408 


Page 
Cistern,  Specification  for  ....91,  94 

City  building  costs  773 

City  street  paving,  Cost  of 709 

Closets,  Specification  for 100 

Cobblestone   pavement    706 

Cost  of   709 

Cold,   Measurement  of   842 

Coloring    mortar   and   concrete.. 

327,    328 

Column   formulas   223 

Columns,     Brick,     No.     brick  in 

3gj  394 

Strength  of  375,' 376 

Columns,   Cast-iron,    Loads   on.. 
208,  209 

Columns,   Concrete,   Cost   of 39 

Measuring   for    286 

Columns,     Reinforced     concrete. 
Measuring   tor   280 

Columns,   Steel,    Cost 429 

Columns,   Wood,  Design  of 204 

Strength   of    207 

Columns,  Yellow  pine.  Loads  on. 224 
Strength   of    223 

Comparative  costs   of  houses  of 

different   materials    

404,  774,  776,  779 

Concrete  blocks  142,  330 

Cost  of  33S 

Data  regarding   332,  336 

Facing,  Cost  of  338 

No.    required    335 

Concrete  construction    274 

Aggregates,  Cost  of  305 

Arch  bridges,  Hishway   727 

Batch  mixing,  Quantities  for.. 

316,   319 

Belt-courses   286 

Block  and  brick  costs 331 

Block    and    brick    equivalents 

332.    338 

Block  construction  142,  330 

Block  foundauons   142 

Brick,  Pressed  cement  407 

Bridges,   Beam   712 

Bridge,    Data    sheet    for    rein- 
forced      732 

Bridges,  Design  of  730 

Bridges,    Ready    cost    calcula- 
tion     715 

Bridges,  Girder  and  slab 712 

Broken  stone.   Cost  of.... 309,   311 

Building  costs   304 

Bush-hammering,   Cost   327 

Caissons   279 


868 
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Concrete  coiistruct»oii»(Co&tinned) 
Page 

Cement,  Cost  of 305 

Cement    brick    work    339 

Cement  mortar 345 

Cement    shinglea    2fi6 

Chimneys    279.   288 

Coloring   >....327,  328 

Columns,  Cost  of  39 

Columns,   Measuring  for 286 

Compression   strength   311 

Cornices    286 

Cost  items  under  31 

Cost    of    various    classes    of 

work    302 

Cost   of   various    mixtures 

307,    312,    313 

Culverts    739,  740 

Curb  and  gutter.  Specifications 

for    670 

Curbs,  Materials  for  288 

Dam,  Cost  of 347 

Drain-tile    351 

Dumping  cost  323 

Efflorescence,   Removal  of  ....326 

Fence-posts    349 

Fence,  Solid  cast  350 

Finishing   surface.  Cost 325 

Floors   279,  283 

Floors,  Beam,  Cost  of 39 

Floors,  Flat-slab,  Cost  of 40 

Flues    « 279 

Footings   41,  275 

Footings,  Cost  of 41 

Forms,  Cost  of  297,  300 

Forms,  Lumber  for  298 

Forms,  Time  for  removal 299 

Foundations     275 

Foundations,  Mass,  Cost  of....  41 
Foundations,    Measurements 

for    277 

Foundations,    Pile    354 

Granolithic  finish  283 

Gravel.  Cost  of  307 

Hand  and  machine  mixing 314 

Hauling,   Cost  of  308 

Hoisting  power  cost 325 

Hydrated  lime  in   330 

Ingredients  per  cu.  ft 319 

Ingredients  per  cu.  yd. ..  .321, 322 
Insurance  cost  of  factories.... 303 

Loading    cost    322 

Loads  on  struts  in  forms 300 

Machine   mixing   324 

Manufacturing   costs    312 

Materials   per   cu.    ft.   of  mor- 

'ar    346 


Concrete    construction — (Coatiniied) 
Page 

Materials  per  cu.  yd 321.  322 

Materials    for    100    sq.    ft.    of 

plaster    344 

Measuring  for  276 

Mixtures,   Classification   o£....116 
Mixtures  for  various  work... .317 

Openings  in  walla 278^  tf9 

Ornamentation,  Exterior  281 

Painting  surfaces  6U 

Pavement  calculations  701 

Pavement   construction    6B7 

Pavement   joints    6B3 

Pavement,   Materials  for   ....JU 

Pilasters  .279,  2B6 

Piles    354 

Piles,  Wood  and  concrete..... 3SS 

Plant  and  organization   312 

Poles,   Lin*   3S1 

Proportions  for  maxinmm  den- 
sity    315,  316 

Railroad  ties  .ISS 

Railway  work,  CoaU  JM 

Reinforced,      see      Reinforced 
Concrete. 

Reinforcement,   Cost   of 41, 

Reinforcing  materials  290* 

Reuining  walla 27S^  304^  347 

Sand.  Cost  of  307 

Sewer  pipe  iSl 

Sidewalk    calculations 

281,  288,  319,  tt7 

Sidewalk  construction   654 

Sidewalk    work    from    bbl.    of 

cement    290 

Sidewalks,  Cost  of 665,  668 

Sidewalks  on   limestone   flags  666 
Sidewalks,   Materials   for.  .288. 666 

Sidewalk  specifications   6S9 

Silo  construction  354,  355 

Skylights,   Measurinc  for 281 

Slabs,  Floor,  Cost  of  40 

Smokestacks    28i 

Soap  and  alum  wash 329 

Stairs  and  steps  287 

Stucco   exteriors    M) 

Superintendence.    Cost    of 325 

Sylvester  waterproofing  32^ 

Tanks,   Cost   of   347 

Terrazzo  floors  285 

Voids   in   aggregates*  310 

Voids,     Measuring     according 

to    318,   330 

Walls  above  grade.  Cost  of...  40 

Walls.  Basement  41.  2n 

WaUs,   Curtain   •<....2K 
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Concrete   •onatruction— (Continued) 

Page 

\^aU8,  Foundation,  Cost  of  41,  281 

^Valls,   Superstructure   282 

Washing  aggregates.  Cost  of.  .308 

Water  for  mortar  346 

Waterproofing,   Cost   of   328 

Weight  of  841,  842 

Wheeling   cost   323 

See    also    Cement,    Reinforced 
Concrete,  Stucco. 
Conduits,   see  Sewers   and  Con- 
duits. 

Contingencies,  Item  of  28 

Contract,  Definition  and  Nature 

of    58 

Forms  of   788,  821 

Kinds  of  Id,  59 

Cost  plus  fixed  sum 17,  60,  77 

Cost  plus  percentage 17,  60,  77 

Essentials    to    contractor 60 

Essentials  to  owner  64 

Form  of,   for  hardware 653 

General   conditions   of 790 

Lump  sum  16,  59,  69 

Obligations   of   contract 69 

Quantity  and  quality  of  work 

64,    66 

Short  form  of  821 

Standard   form  of  agreement.  .809 

Time  of  completion  68 

Uniform    812 

Unit-price   16,  59,  75 

Contractor  as  estimator  14 

Interference  with  62 

Obligations  of  69,  75,  78 

Pay  of  60,  78 

Plant   and   organization    312 

Record  card  781 

Special   privileges  for   63 

Contract  work,    Divisions   of 30 

Coping  stone,  Cost  of  365 

Copper,  Sheet,  Weight  of  269 

Cornice   work    269 

Brick,  Measuring  269 

Concrete    286 

Day's  work  in  placing  270 

Metal,  Day's  work  in  placing  271 

Metal,    Measuring   269 

Miters  on   271 

Stucco,  Measuring  270 

Wood    194 

Wood,    Measuring    270 

Corrugated   bar    295 

Corrugated  roofing.  Estimating.. 261 

Corrugated   steel   roofs    260 

Cost   analysis   29 


Page 
Cost,  Conditions  affecting.9,  22,  118 

Cost  data.  Master  card  of  44 

Method  of   collecting 3S 

Cost     plus     compensation     con- 
tracts   17,  60,  77 

Costs,  Building,  in  cities 778 

Classification  of   US 

Covering  capacity  of  calcimine.  .625 

Covering  capacity  of  paints 621 

Creosote  block  pavement  688 

Cost  of   709 

Creosote  treatment   of  wood 848 

Crown,   Street   pavement 693 

Crushed  stone.  Cost  of 309,  311 

Crushing  strength  of  materials.. 207 

Cubical  contents  of  rooms 835 

Cubic  foot.  Cost  per 767,  783 

Culverts,   Data  for  construction. 743 

Data  for  design  743 

Data  for  estimating  741 

Reinforced  concrete   739,  740 

Types     741 

See  Bridges. 

Cup  bar   294 

Curb  and  gutter  construction.... 670 

Concrete,   Material    for 288 

Cost  of   676 

Specification  for  concrete  curb 

and   gutter    670 

Cut  stone.  Cost  of  368 

Cutting  tools.   Speed  of 850 

Cypress,  Grading   144 

D 

Dam,  Concrete,  Cost  of  347 

Data    sheet    for   reinforced    con- 
crete bridge   732 

Day  or  night  shift  23 

Day's   work    in   trades,   see   un- 
der various  trades. 
Day's  work.   Pay   for,   in   build- 
ing trades  765,  766,  768 

Deck   roof   244 

Decorating,   see   Painting. 
Decimal     equivalents     of     inch 

fractions    855,    856 

Demolition   of  buildings    119 

Depreciation  in   buildings   2C0 

Depreciation   in  roofs   245 

Diamond  bar  295 

Dimensions    of    lumber i43 

Discounts   or  bonus   26 

Distemper    596 

Ditches,    Excavation    of 130 

Door,   Hand  of  a 642,643 

Door    locks    643 
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Doors»    Hardware    for 645 

Doors,  Sizes  and  dimensions....  165 

Doors,   Specifications  for 96 

Dormer   windows    197 

Downspouts    271 

Downspouts,      Day's     work     in 

placing    272 

Drainage,  Land,  see  Sewers  and 

conduits. 
Drains,   House,   Specification  for  $7 

Drain-tile,    Concrete      351 

Drawings,    Cost   oc    115 

Drawings   specified   85 

Driers,     Paint    596 

Drilling     137 

Sharpening    bits    for    139 

Driving   piles    142 

E 

Earth   excavation    120 

Earth,  Natural  slope  of  120 

Earth  roads   677 

Eastern    brick    374 

Efflorescence  on   concrete   326 

Electric   wiring    539 

A.  C.  and  D.  C,  systems.  Wir- 
ing   for    5V4 

Aluminum    wire    »..549 

Arc    lamps    5t6 

Automatic  cut-outs,   Rules  for. 567 

Bell   circuits    547 

Branch    circuits    552 

Candle-power  required  per  cu. 

ft.   of  space   566 

Carrying  capacities  of  wires. ..549 

Contracts    for    539 

Copper  conductor.   Cost   of  per 

mile     564 

Current,   Calculations   of. .  .554,  573 

Cut-outs     544 

p.  C,  motors,  Sizes  of  wire  for  557 

Dynamo  room.  Wiring  of 541 

Enclosed  arc  lamps.   Illumina- 
tion by   567 

Electric    gas    lighting 574 

Electric     heaters,     Installation 

of    569 

Electric    illumination    556 

Fire    lights    542 

Flexible  cord  545 

Fuses    and    circuit    breakers... 567 

Fuses,    Interchangeable    545 

Generators,    Location    of 539 

Hazardous  places.  Wiring  for  547 
Horse-power,       Equivalent      in 
watts    556 


Electric  wiring— (Continued) 

Pa«e 
lUumination,     Coefficienu     of 

diffusion  for 556 

Inside  wiring 542 

Inside   wiring.    Insulation   for. 54 J 
Interior    conduits.    Dimensions 

and   weights   of 572 

Interior    conduits.     Rules     for 

use   of   571 

Length  of  wire.  Measurements 

for    547 

Lighting   circuits    552 

Light  and  power  circuits 553 

Lightning    arresters.    Installa- 
tion   of    570 

Measurements  for   547 

Moldings,    Metal    572 

Moldings,   Wood   572 

Motor   circuit    555 

Motor    circuits.    Size    of    wire 

for    556 

Motors,  A.  C  and  D.  C 539 

Motors,   A.    C    induction 540 

Motors,    Location    of 539 

Motors,    Protection    of 539 

Motors,  Voltage   allowed   on... 539 
Open   wiring   for   mill    work... 543 

Outside    wires    541 

Portable   lamps    545 

Rosettes    545 

Rules   of  National    Code..* 539 

Service  wires.  Size  of 551 

Signaling     systems.      Installa- 
tion of  570 

Single-phase      motors.      Wires 

for    564 

Size    of   wire    required 54S,  554 

Storehouses,    Lights    for 547 

Standard  copper  conductor.  Cost 

of,    per    mile 564 

Switchboards     540 

Swi tches  544 

Switches,    Location   of 561 

Telephone     and    call -bell     cir- 
cuits     5*7 

Three-phase  motors.  Wires  ioT.5fi 

Three-wire   system    557 

Three-wire      system.      Neutral 

wire    55.S 

Three- wire  system.  Wires  for. 55^ 
Three-wire       system.       Wiring 

diagram    5fi\ 

Transformers    542 

Tubes    and    bushings.    Dimen- 
sions  of   573 

Waterproof  pendants   >M 
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Page 
Wiring  data,  llO-volt  circuits.. 561 
Wiring  data,  220-volt  circuits.  .562 
Wiring  data,  SOO-voIt  circuits.. 563 
Wiring  diagram,  2-wire   D.   C. 

lighting    system    550 

Wiring    diagram     for    factory 

building    553 

Wiring    methods    and    calcula> 

tions    548 

Emery,     Gluing     to     wood     or 

metal    854 

Emery  wheels.  Speed  of 851 

Employers'    liability   insurance— 

26.142 

Enameled  brick  375 

Engineer   as   estimator 12 

English    measures    859 

Equipment,     Contractor's    24 

Equipment,    Repair  of 134 

Equivalents,    Decimal,    of    inch 

fractions   855,  856 

Equivalents,   Heat  and  power. ..855 

Equivalents,    Metric    859 

Estimate,   Blank   form   for 825 

Brickwork   for   residence 388 

Carpentry,    Form    for 183 

Floor.    Wood    193 

Store,  office,  and  fiat  bldg 184 

Typical,  Frame  house   175 

Estimating,    Cubic    foot,    Cost 

per    767.    783 

Definition  of   9 

Disadvantages   of  old  methods  48 

General    principles    9 

General  rules  for  18,  21 

Inaccuracy     in,     Causes     and 

remedies  11,  16 

Preliminaries  to   115 

Purposes   of    16 

Quantities  to  he  considered —  22 
Quantity   system   described....  45 

Rapid,    Methods   of 780 

Estimators,    Abbreviations    for.. 786 

Who   they   arc    12 

Evaporation    834 

Excavation,   Basement    276 

Excavation,    Earth 120 

Cost  of   127,   135 

Ditch    work    130 

Drag-scoop    scraper    work. '^....  131 

Filling    134 

Leveling    134 

Loading    material    132 

Loosening    material    128 

Profit  on   ,% 135 


Excavation,    Earth->(Continued) 

Page 

Removing   material    132 

Trench  work  130 

Volume  of  122 

Excavation,  Items  under 31 

Excavation,    Pit    276 

Excavation,  Rock  136 

Blasting    139 

Drilling  137,  138 

Shapening    drill    bits 139 

Excavation,   Specifications   for...  86 

Excavation,   Trench    276 

Experience   data   on   costs 36 

P 

Factories,   Cost  per  cu.  ft 784 

Factory    insurance    303 

Fence,    Solid   cast   concrete 350 

Fence-posts.    Concrete    349 

Fillers,  Liquid  and  paste 612 

Filling    134 

Finishes,    Surface — 

For  concrete,  Cost  of 304,  325 

For    floors    607 

For  hardware   640 

For   radiators    614 

For    stucco    345^ 

Fir,  Oregon,  Grading 144 

Firebrick    407 

Fire  insurance   26,  807 

Fireplace,   Brick    377 

Fixtures.  Kitchen  and  bathroom, 

Dimensions     786 

Flagstone,  Cost  of  366 

Flashings,    Roof    266 

Flat  building,  Cost  per  cu.   ft.. 784 

Estimate   on    184 

Flat   roof  243,  245 

Floor-beams,      Reinforced      con- 
crete,   Measuring   for 280 

Flooring,    Oak    191 

Flooring,  Wood   183 

Flooring.  Wood,  Grades  of 183 

Life   of    183 

Thicknesses  and  faces   189 

Weight    of    190  ■ 

Floors,  Bridge.  Steel  436,  437 

Floors,    Cellar,    Specification    for  90 

Floors,    Concrete    39,    279 

Cost   of   39 

Flat-slab,  Cost  of  40 

Materials  for  283,  284 

Floors,     Finishing     285,    607 

Granolithic    finish    285 

Floors.  Loads  on  194 
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floors.    Mill,   Yellow   pine,   De- 
flection in  229 

Spans    226 

Floors,    Painting    610 

Floors,  Terrazzo   28S 

Tile    411 

Floors,  Wood,  Board  fe^  in 156 

Cost   of    193 

Nails  for   190 

Specification    for    9S 

Floor,*slabs,  Concrete,  Cost  of..  40 

Flue-linings     387 

Flues,  Concrete  279 

Flues,   Sizes  of   387 

Footings  41,   139,  275.  384 

Brick,   No.   brick  in 384 

Concrete 41,  275 

Concrete,    Cost    of 41 

Depth  of   141 

Proportions    of    140 

Form  of  agreement.  Standard... 809 

Form,  Blank,  for  estimate 825 

Form  of  bond  811 

Form  of  contract  788,  821 

Form  of  proposal 790,  823 

Form,    Short,    of    building    con- 
tract     821 

Form,  Short,  of  proposal 823 

Forms,  Structural- 
Concrete  297,  300 

Concrete,  Cost  of  300 

Concrete,  Time  for  removal 299 

Foundations  41,  88,  139,  275,  354 

Bearing  power   of  soils 141 

Concrete   41.  142,  275 

Concrete    block    142 

Pile   141,  354 

Piles,   Concrete    354 

Specifications  for  88 

Thickness    of    140 

Frame,   Balloon   8,   152 

Braced   8,  152 

Frame  construction,  Cost  of 404 

Compared  with  brick 

404,  774,  776,  779 

Frame  house,  Bill  of  materials..  168 

Comparative  costs  of  

404,  774,  776,  779 

Cost    per   cu.    ft 784 

Depreciation    in    202 

Estimate    for    175 

Parts    of   a    8 

Specification  for  a   84,  175 

Frames,    Barn    153,    154 

Framing   for   cement   stucco 340 

Framing,   Cost   of   173 


Pine 

Framing,  House   8L   152 

Framing,  Tile  roof  264 

See  also  Roof  construction. 

Fuming  process   611 

Furniture,     Household.     Dimen- 
sions of   7M 

Galvanized  iron.  Painting  613 

Gambrel    roof    243 

Gasfitting,   Drip  pipes 536 

Drop   center   pipes S37 

Meter  connections   538 

OutleU  for  brackets    537 

Pipe,  Sizes  required 5J8 

Specification  for  112.  537 

Supply  pipe   536 

Supports  for  piping   537 

Testing  a  system  of 536 

Gauge,    Standard,    for    iron    and 

steel  plates  2M 

Girder  bridges,  Concretc.712,  715,  717 
Girder     bridges.     Reinforcement 

for   725,   727 

Girders,  Steel,  Cost   429 

Girders,      Reinforced      concrete. 

Measuring   for    280 

Girders.  Wood,  Board  feet  in... 156 

Glass  and  glazing dJ9 

Figured    glass    cJl 

Glazing,    cost   of    633 

Glazing,  Day's  work  in 6J3 

How    glass   is   sold <h?I 

Mode   of   setting   glass 63i1 

Plate    glass    6Ji) 

Prism  glass   631 

Putty     fjj 

Skylight    glass    632 

Window   glass    630 

Wire  glass   d«l 

Godfrey,  E.  L.,  on  concrete  costs  .'fJ 

On  pavement  costs   Tj7 

Glue,    To   prevent   cracking 854 

Grades,   Association,   of   lumber.  183 

Grading   lumber,    Rules   for 144 

Granolithic  finish  on  tloor 285 

Gravel,  Cost  of  307 

Gravel   sidewalks   670 

Gravel    and   tar    roofs 258 

Grounds   for   plaster 576.    57^ 

Gutters,    Roof :7! 

Day's  work  in  placing 271 

Gutter  strip   255.  257 

Sizes   of   zn 

Slope    of    271 
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Gutters,    Street,    see   Curbs    and 
gutters. 

fl 

Hair  for  plaster   593 

Hammer  drilling  137 

Hard  wall  piasters   579 

Hardware,   Builders'   640 

Butts,   Size   of   641 

Form   of    contract   for 653 

For   doors    .....645 

Finishes    of    640 

Grades,   Commercial   644 

Hand  of  a  door 642,  643 

Hinges,    Sixe    of 641 

Locks  for  doors  643 

Quantity    sheet    646 

Schedule  of  items,  Typical.... 647 

Specifications   for 97,   652 

For    windows    647 

Hardwood,  Grading  of  144 

Hassam  concrete  pavement 692 

Hauling,   Cost  of 308,   432 

Steel    432 

Heat,   Definition  of    438 

Measurement   of   842 

Heat  and  power  equivalents 855 

Heating  and  ventilating  438 

Accelerated  hot-water  system.475 

Air,  Cu.  ft.  of  in  1  pound 445 

Air   changes   required 440 

Air  ducts,  Size  of  494 

Boiler   horse-power   ti477 

Boilers  for  heating  plants 477 

Branches,     Number     and     size 

that  mains  will   supply 466 

Cold-air    supply    490 

Combined    power    and    heating 

systems     484 

Conducting    power    of    various 

ifiaterials    442 

Cu.  ft.  of  air  passing  through 

flue    443 

Drip  pipes   for  mains 466 

Equation  of  pipes  472 

Equivalent   glass   surface 456 

Equivalents,  Heat  and  power.. 855 

Expansion    tanks    467 

Expansion       of       wrought-iron 

pipe    458 

Exposure    of   buildings 440 

Fan  heating,   Coils  for 493 

Fan  heating.  Motive  power  for.494 

Feed-water  heaters   488 

Firebox    boiler.    Horizontal — 482 
Fire  protection.   Rules   for 495 


Heating   and   ventilating— (Cont'd) 
Page 
Fittings    for    steam    and    hot- 
water    pipes    465 

Flange  unions   471 

Flues,  grate  area,  and  heating 

surface    492,   834 

Fuel,  Estimating  value  of 439 

Grate   area   492 

Greenhouses,    Heating    of 463 

Coal,   Heat   value   of 446 

Flue   sizes   for  plants 388 

Heater,  Design  of  494 

Heat   losses 441,  442,  446,   447 

Heat  losses.  Problems  in 444 

Heat  for  ventilation  447 

Heating  surface    492,  834 

Heat  units.   Value   of 438 

Heat     units     for     warming     a 

brick    house    445 

Heat  units  for  heating  a  given 

volume   of   air    446 

High-pressure    boilers.    Dimen- 
sions of   486.   487 

Honeywell  generator   475 

Horizontal  rectangular  boilers.480 
Horizontal    sectional    boilers. . 

478,  479 

Horse-power,   Calculation  of... 

438,  833 

Hot-air   systems    4SS 

Hot-air    furnace    489 

Hot-water   heating.    Direct    ra- 
diation      463 

Hot- water      heating,      Indirect 

radiation    463 

Hot-water  mains.   Sizes  of 465 

Hot-water    radiation    for    zero 

weather     462 

Leaders     and     flues.     Hot-air 

systems    490 

Low-pressure    steam    heating.. 463 

Mechanical   heating    492 

Mercury    heat    generator 476 

Milwaukee  heat   generator 476 

Paul  system  of  heating 474 

Pipe,  Commercial   grades   of. ..471 

Pipe    coverings    469 

Pipe   fittings    471 

Pipe,   Radiating  surface   of — 459 
Pipe,      Wrought-iron,      Dimen- 
sions   of    470 

Pressure    of    water    under    va- 
rious  heads    464 

Pressures    and    temperatures... 457 
Radiating     power     of     various 
bodies     441 


874 


INDEX 


Heating   and   ventilatini^- (Cont'd) 
Page 

Radiating  surface   448,  449 

Radiation,  Heating  capacity  of 

1   sq.   ft 455 

Radiation,   Kinds  of 448 

Radiation,     Schedule     of,     for 

building    454 

Radiators,  Finish   for  614 

Radiators,  Heating  surface  of. 

449,  450,  451.  452,  453 

Rating  of  boilers 478 

Registers,    Hot-air    490 

Sectional   cast-iron  boilers 477 

Sizes     of    mains     for    various 

.  distances    464 

Specification    for   plant 105 

Specific    heat    of   various    sub> 

stances    439 

Steam    for   heating,    Properties 

of   456,   834 

Steam   heating,    1    and   2   pipe 

systems    465 

Steam    heating.    Size    of    pipe 

for    461 

Tempering   coils    494 

Trimmings  and  tools  for  boil- 
ers     478 

Unit   of  work   438 

Vacuum  system  473 

Valves     for     steam     and    hot- 
water    . . . .' 471 

Vapor  heating  system  474 

Velocities    of    air    in    heating 

£ystem    494 

Vertical  boiler  for  steam  heat- 
ing    479 

Vertical   cylindrical   boiler  for 

hot-water   heating    481 

Vertical    non-sectional   boiler.  .480 
Water-tube  boilers.  Types  of.  .485 

Hemlock    grading    144 

Highway  bridges  715,  727 

See  Bridges. 

Hinges,  Size  of  641 

Hip    roof    243 

Hod,  Size  and  capacity 404 

Hoisting,   Cost  of 325 

House,   Brick,   Comparative   cost 

774,  776.  779 

Cost   per  cu.    ft 784 

No.   brick  for   388 

Specification   for   113 

Horsepower  438,  833,  834 

Boiler     477 

Houses,     Comparative     co^t     of 
different  materials.. 774,  776,  779 


Houses,  Cost  of  s%J 

House,   Parts  of  a 8,   152 

House,    Frame,    Bill    of    materi- 
als for  168 

Comparative  costs  ....774,  776^  779 

Cost  per  cu.  ft 784 

Depreciation  in  202 

Estimate  for  159.   175 

Parts  of  a  8 

Specification  for  84.  ITS 

House,        Stone,        Comparative 

costs   774,   776.   779 

Hydrated  lime  330,  561 

In   concrete    UO 

I 

Insurance,  Accident   26,  142 

Burglary     27 

Fire   26.  303,  fSO 

Liability   26,  142 

Interest  costs   27 

Interior  finish.  House,  Spccinca- 

tion  for  99 

Invitation  for  proposal 789 

Iron,    Cast    436 

Iron    castings    435 

Iron  sheets,  SUndard  gauge,  for.264 

J 

Johnson,     A.     X..     on     highway 

bridge  cost  727 

Johnson  bar  29S 

Johnson's   parabolic  column   for- 
mula     204 

Joists,  Wood,   Board  feet  in 230 

Joists,    Yellow    pine 2n 

K 

Kaufman n  on  cost   analysis 30 

Keene's    cement    581 

Kiln   count.    Brick 378 

Kitchen      fixtures.      Dimensions 

of    786 

Kitchen      pantry,      Specification 

for     101 

t 

Labor       costs,        Weekly        and 

monthly 28 

Labor   organization    on    concrete 

work    312,  314 

Labor  quantities   in  carpentry... 209 

Labor.    Wage   tables 76S 

Lacing  of  belts  853 
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Lafarge    cement    582 

Lath,  Metal  341.  579 

Sheathing    579 

Wood  157,   577 

Wood,   No.   per   square 157 

Lathing,    Specification    for 90 

Lathes,    Speed   of 852 

Lattice  truss  242 

Lead.  Sheet  267,  529 

Lean-to  roof   243 

Leveling  earth   134 

Liability  insurance  26,  142 

Life  of  house  parts  202 

Lime,   Hydrated 330,    581 

Lime  mortar   580 

Colors   for   ^ 383 

Linseed  oil  596 

Testing     614 

Loading  material  for  removal...  132 

Loads,  Safe,  on  brickwork 375 

On  bridges  715,  730,  734 

On  cast-iron  columns 206,  209 

On    floors    194 

On  lumber   148 

On  piles  141 

On   stone   masonry    370 

On  stud  partitions 231 

On  trussed  beams  232 

On    wood    struts    in    concrete 

forms    300 

On  yellow  pine  beams  211 

On  yellow  pine  columns 224 

Locks    643 

Logs,   Board   feet   in 149 

Lumber,  Actual  sixes  of 147 

Board  feet  per  square 157 

Dressed,  Sixes  of  145 

Estimating  amount  of.  145,  153,  187 

Grading  of  144 

Loads,   on    148 

Measurement  of 145,   153,   188 

Preservative  treatment  of 848 

Waste  of  151 

Weight  of  209.  844 

Lump-sum  contracts  16,  59 

X 

Macadam  roads   679 

Cost  of  709 

Machine   drilling   138 

Mansard  roof 243,  244 

Maple  grading  144 

Masonry,    Brick    370 

Boiler  settings  409,  410 

Brick  and  frame  compared.... 404 


Masonry,    Brick— (Continued) 

Page 

Brick    per   cu.    yd 379      I 

Bricklaying,   Labor  quantities. 375 

Brick  sizes  and  weights 374 

Brickworlc,  Cost  of  377 

Brickwork,  Weight  of  375 

Cement  brick.   Pressed 407 

Chimneys,   No.   brick   in 385 

Ci  sterns    405 

Firebrick    407 

Flue-linings    387 

Flue  sizes  387,  388 

Footings,  No.  brick  in 384 

Kinds   of    brick 370 

Loads,  Safe,  on  brickwork 375 

Measurements  ZTI^  ^79,  380 

Mortar  382.  582 

No.  of  brick  required.. 379,  380,388 

No.  brick  for  residence 388 

Pavements    681 

Pavements,   cost  of 709 

Old  brick,  measuring 382 

Piers,   No.   bricks   needed 381 

Piers,  Strength  of 375,  376 

Sidewalks    668 

Tile  work   411 

Veneer,    Labor  quantities 277 

Walls,  No.  brick  for 379,  383 

Walls.    Thickness    of 

371,  372,  S7Z,  374 

Walls,    Height   of    403 

Waste  of  brick   403 

Masonry   construction    364 

Masonry,    Stone    364 

Cutting  and  dressing.  Cost  of.368 

Flagstone,  Cost  of  366 

Loads  on,  Safe  , 370 

Measurements    364 

Mortar    582 

Mortar  per  cu.  yd 369 

Setting  stonework.  Cost  of 367 

Sills,  Cost  of  367 

Stone,    Cost   of    365 

Stonework,  Cost  of  366 

Water  required  per  cu.   yd. ...368 

Water-table,  Cost  of 367 

Masonry,    Weight    of 841 

Master  card  of  cost   data 44 

Material     sheet     for     reinforced 

concrete    292 

Materials,   Bill  of  168 

Materials.      Building,      Relative 

cost  of  774,  776,  779 

Materials,  Loss  and  shortage  in.  28 
Measures,  English  and  Metric. 859 
Medina  block  pavement,  Cost  of .708 
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Pace 

Mensuration    833 

Metal,  Painting  on 431,  613.  623 

Metal  ceiling,  Measurement  for .272 

Metal   lath    341.  579 

Metal   roofing   260 

Metal    roofing.    Day's    work    in 

laying    262 

Metals,  Weight  of 841 

Metric  system  of  measurement.. 859 
Mill  buildings,  Cost  per  cu.  ft. 784 
Mill       construction.       Insurance 

costs    303 

Mill    floors.    Yellow    pine.    De- 
flection in  229 

Spans  for  225 

Millwork    165.    16o 

Minerals,   Specific  gravity  of 842 

''Miscellaneous,"   Item  of 28 

Miters  on  cornices  271 

Mixing  concrete.  Hand  and  ma- 
chine     314.    324 

Molding,    Carved,   Measuring — 270 

Molding,    Crown    270 

Molding,  Flat  bed  270 

Mortar,  Cement.340,  345,  369,  382,  582 

Materials   per   cu.    ft 346 

Materials   per   cu.    yd 369 

Materials   for    ICO   sq.    ft 346 

Water   required    346 

Mortar,    Coloring   of 327,   328 

Mortar,  Lime 369,  382,  580 

Colors    for    383 

Mortar,    Materials    and    mixing. 

346.  369,  382,  582 

Mortar.   Specification  for 87 

See   Plastering. 


Nails,    No.   per  pound 160 

No.   required    157 

For    floors    190 

For    slate    roofs 252 

Sizes    of    160- 

Natural    cement,   Cost  of 305 

New    Hampshire    rule 150 

New  York,  Street  improvements. 

Cost     707 

Night   or   day   shift 23 


Oak  flooring  191 

Ofifice  building.   Estimate  on 184 

Orange    River    rule 150 

Oregon    fir    grading 14» 

Organization  for  contract  work.. 
71,  81 


^a«e 

Ornamentation,    Concrete    286 

Owner,    Essentials    to,    in    con- 
tract     €4 

Obligations  of  69.  75,  78 

Special  privileges  for   6& 


Painting    and    Decorating. ..... .59S 

Barytes   596 

Benzine    596 

Bronze,    Liquid    613 

Brushes     602 

Calcimining   625.  629 

Colored     paints,      Coropositioa 

and  cost  5<)d,  599,  616 

Concrete  surfaces.  Painting.... 613 

Costs    598.   616 

Cost   record    62S,  628 

Covering  capacity   597,  621 

Covering    knots    603 

Day's   work    in    painting 623 

Driers    596 

Extenders    S9S 

Exterior  work.  Materials  for.  .601 

Fillers,  Use  of  606^  612 

Floor  painting   607,  610 

Galvanized   iron.    Painting 613 

House,    Specification    for 103 

Ingredients    of    paint 595 

Linseed    oil    596 

Linseed   oil    testing    614 

Materials,  Quantities  of   621 

Materials    per    square    623 

Measurements     617 

Measuring   exterior    work 619 

Measuring   interior  work 639 

MeUl,    Painting    

431,  623,  624,  625,  6» 

Mixtures    (oil,    flat,    etc) S9S 

Oil  finish  for  floors 610 

Pigments  and   vehicles i9S 

Priming    601 

Putty,   Use   if 604,  632 

Radiators,    finish    for 614 

Shellac    603 

Shingle  stains    612 

Stains   and   staining 611 

Steel    structural    work.    Paint- 
ing    431,  tJ4,  «C5,  636 

Thin  coats.  Use  of  603 

Things  to  avoid   ; 602 

Tin,    Painting    613 

Turpentine     5^ 

Varnish.    Kinds   of 604 

Varnish  finish  for  floors 609 

Varnish,  Preparing  surface  for.605 
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Painting  and  Decorating— (Cont'd) 
Page 

Wax  finish  608 

Whiting    596 

White  lead  595 

White  lead  testing  615 

White  painu,   Cost  of 597 

Whitewashing  629 

Zinc  white   595 

See  Paperhanging. 
Pantry,     Kitchen,     Specification 

for    101 

Paperhanging    635 

Labor   quantities    639 

Measurements  for  635 

No.  of  rolls  required 636,  637 

Paste    637 

Wallpaper,    Kinds   of 635 

Partitions,  Board  feet  in 156 

Specification  for  93 

Stud,   Loans  on 231 

Paste  for  paperhanging 637 

Patent  plasters  579 

Pavements,  see  Roads  and  pave- 
ments. 
Paving  brick.   Sixes  and  cover- 
ing capacity    683 

Pebble-dash  stucco   345 

Perch,  Meaning  of  364 

Piepmeier,     B.    H.,     on     bridge 

costs    715 

Piers,  Brick,  No.  brick  in... 381,  394 

Brick,  Specification  for  89 

Brick,  Strength  of 375,  376 

Concrete,  Measuring  for 278 

Pilasters,  Concrete  279,  286 

•  Pile   driving    142 

Pile  foundations  141 

Concrete   354 

Piles,  Bearing  power  of 141 

Safe   loads  on 141 

Sheet    134 

Wood  and  concrete  355 

Pine,  Grading  of  144 

Pipe,  Cast-iron,  Weight  and  di- 
mensions     352 

Pipe,    Sewer,    Concrete 351 

See  Plumbing,  Gasfitting,  Heat- 
ing, Sewers  and  conduits. 

Pitch  of  roof 244 

Pitch  roof   243 

Pit    excavation    276 

Planers,   Speed  of   851 

Plans,  Alterations  in  85 

Cost  of   115 

Specified    85 

Plant,    Contractor's    24 


Page 

Plaster-board    578 

Plastering    575 

Cattle  hair    593 

Cement   mortar    

340,  345,  369.  382,  582 

Cement   stucco   340 

Grounds  576,  579 

Hydrated  lime  330.  581 

Keene's  cement  581 

Labor  costs  in   594 

Lath,   Sheathing   579 

Lath,  Metal  579 

Lath,  Wood  577 

Lime   plastering   580 

Materials  used  

340,  345,  369.  575,  581,  593 

Measurements  575,  583 

Mortar  quantities  and  mixing. 582 

Patent  plasters   579 

Plasterboard    578 

Specification   for   90 

Surface    (plastering    area)    of 

various-size  rooms  583 

Tables    for    estimating......... 582 

Two  and  3-coat  work 580 

3ee  Mortar,  Stucco. 

Plate    glass    630 

Plates,  Steel,  Cost  of 418,  426 

Plumbing     496 

Ball  cock  526 

Barometric  pressure   at  differ- 
ent altitudes   531 

Bathtub    510 

Brass  piping.  Weight  of 530 

Outers  between  fittings,  How 

to  find   529 

Closets   510 

(instruction.  Making  up 512 

(Continuous   venting    ,.516 

Corporation  cock  524 

Fixtures  for  2-story  and  base- 
ment building  £04 

Floor  drain  507 

Fresh-air  inlet  50O 

Friction     equivalents     of    ells 

and  tees  532 

House  sewers.  Fall  per  foot... 500 

House  sewers,  size  of 499 

Kitchen    sink    507 

Lavatory    510 

Lead  and  oakum  for  soil-pipe 

joints    502 

Miner's  inch   529 

Piping  system   503 

Plans  and  soecificattons  for... 
106,   496 
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Plumbing^Continued) 

Page 

Rain  leaders.  Size  of 496 

Range    boiler    507 

Range  boiler.  Connections  for. 525 
Range  boilers.  Dimensions  and 

weights    of    529 

Refrigerator  wastes   S25 

Roughing-in    501 

Roughing-in    measurements.... 507 

Sewer  and  connections 49S 

Sewer   discharge.    Volume   and 

velocity   of   S32 

Sewer  pipe.  Carrying  capacity 

of    5J8 

Sewer  pipe.  Discharge  per  sec* 

ond    52S 

Sheet  lead.  Weight  and  thick- 
ness  of   529 

Solder,   Kinds   of   533 

Soldering,    Fluxes   for 533 

Process    of    533 

Soldering   bits    .- 534 

Soil-pipe,   Joints  of 501 

Soil-pipe,  Sizes  allowed  by  va- 
rious cities  521 

Soil  and  vent-pipe.  Weight  of.SOl 
Soil  and  waste  pipes.  Minimum 

diameter   allowed    503 

Soil  stacks  515 

Soil    stack   fittings    520 

Specifications  lOd,  496 

Stop  and  waste  cock 524 

Steel    tanks.    Dimensions    and 

capacities  of   531 

Storage  tanks.  Capacity  of 530 

Testing   the    plumbing 527 

Traps    and    ventilation 498 

Vertical  pipe  work 511 

Wash-trays    507 

Waste  and  vent  pipes 512 

Water  lift   525 

Water    service    pipes 523 

Wiping    joints    518 

See  also  Sewers  and  conduits. 

Poles,   Concrete   351 

Portland  cement.  Cost  of 305 

Power  and  heat  equivalents 855 

Preservative  treatment  of  wood.848 

Pressures    in    boilers    834 

Pressed    cement    brick 407 

Prism    glass    631 

Profit,    Percentage    for 28 

Proposal,    Invitation    for 789 

Short    form    of    823 

Standard    form    of    790 


Putty,    Kinds  of  JS32 

Protection    of    632 

Use  of  6M 


Quantities,  Taking  off 159,  187 

See  "Measurements"  under  va- 
rious heads. 

Quantity   sheet.   Hardware 646 

Quantity  surveyors  45 

Quantity  system  of  estimating..  45 

Advantages     55 

Quimby     process     of     finishing 
concrete    32S 


Railroad  bridges,  cost 436,  734 

Steel   436.  437 

Railroad   ties.   Concrete 1S3 

Railway  concrete  work,  Costa... 3M 

Ransome    twisted   bar 294 

Record  card  for  builder TBI 

Red  gum   grading   144 

Redwood  grading  144 

Reinforced  concrete — 
Abutments,  Bridge,  Design.... 736 
Bridges,   see  Bridges. 

Columns,    Measuring   for 280 

Costs 41,  297,  302,  JOJ 

Data  sheet  for  bridge JJ2 

Fence,   Solid  cast    350 

Fence-posts    349 

Floor- beams.  Measuring  for... 280 
Floor  and  roof -slab.  Measuring 

for    281 

Forms,  Cost  of 257,  3Q0 

Forms,  Time  for  removal 299 

Girders,    Measuring    for. 280 

Material   sheet   2!t2 

Measuring  for  reinforcement... 290 

Piers,  Bridge,  Design 7j7 

Poles,    Line    3^1 

Reinforcement  for  concrete. 41,  290 
Reinforcement  Steel,  Cost  of  41 
Reinforcement,      Steel,       Base 

prices  and  differentials 29J 

Reinforcement,    Steel,    We^'ebr 

of,   per  cu.    yd l*»l 

Silos    354 

Stairs,  Measuring  for  281 

Tanks,    Cost   of. 347 

Walls,    Measuring    for. .280 

Weight  of  bars   293.  294 

Removing  excavated  material... U2 
Removing  forms,  Tiu.e  for 2.^ 
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Page 

Kepair  of  plant   134 

Retaining    walls,    Concrete 

278,  304,  347 

Cost   of   504 

Measuring  for  ..  278 

Rivets,  Steel,  Cost  of 420 

No.    in   100  lbs 432 

Roads  and  pavements 677 

Asphalt  block   pavement 709- 

Asphalt     pavement.     Construc- 
tion   of    >02 

Asphalt  pavement.  Cost  of 704 

Block  paving,  Cosrs 680,  7^8 

Brick   pavement.    Cost   of 

031,  68S,  7» 

Brick  and  block  pavements... 

681,   683 

Brick     pavement     top     course. 

Brick  for   686 

Brick  paving.  Day's  work  in.  .684 

City   pavements,  C3o8t  of 707 

Cobblestone  pavement 706,  7C9 

Comparative  values  of  different 

pavements    706 

Creosote   block  pavement. 

Costs    688 

Concrete  pavements   (iS7,  7J1 

Concrete  pavement  calcula- 
tions     701 

Concrete    pavement.    Materials 

for    701 

Concrete     pavements,     Spbcifi- 

cations  for 694 

Crown    for   pavements 693 

Earth  roads   ..677 

Filers  for  brick  pavement 686 

Joints     in     brick     and     block 

pavements   GSJ^  ci-S 

Joints  in  concrete  pavement. .  .693 

Macadam   679.  r09 

Roadbed  preparation   677 

Stone  block  pavemsnts 689 

Wood  block  pavemorts. . .  .685,  709 

Rock  excavation  136 

Rocks,   Specific  gravity  ot 842 

Roman  brick   374 

Ron£   construction 241 

Asbestos    shingle    266 

Asphalt  shingle   265 

Cement  shingle   266 

Corrugated    steel    260 

Flashings     266 

Gutters  and  downspouts 271 

Life  of  roofing  mirerials 245 

Shingle,    WooJ    245 

Slate   247 


Roof  construction— (Continued) 

Page 

Slope  or  pitch  of  roof 244 

Specification  for   94 

Tar  and  gravel   259 

Tile    rf3 

Tin    21Z 

Types  of  r^f  243 

Weight  of  roohng  materials... 272 

Wood  roofs.   Board  feet   in 156 

Roofing,   Galvanized,   Cost  of. ...427 

Roofing   materiali,    Life   ot 245 

Roofing  nails.  Barbed 262 

Rope,  Weight  and  strength  of... 847 

Rough>cast    stucco    345 

Rusting,  of  tools.  Prevention.... 854 

S 

Safety    factors    in    steel    struc- 
tures     435 

Sand,  Cost  of  307 

A  load  of  403 

Weight  of   403 

Sap   gum   grading    144 

Sash,   Window,   Sizes   of 166 

Saws,  Speed  of  850 

School  buildings.  Cost  per  cu.  ft.784 

Scraper,   Drag-scoop  work 131 

Screw  ends,  Upset,  for  bars 858 

Scribner- Doyle   rule   150 

Sharpening    drill    bits 139 

Sewers  and  conduits  750 

Area    of    sewer.    Formulae    for 

calculating    755 

Brick  sewers  758 

Capacity    of    sewers 751 

Combined  sewerage  system.... 750 

Farm  drainage  762 

Functions  of  sewerage  system. 570 

Ground  water   751 

Intercepting  sewer    759 

Land  drainage   762 

Lateral  sewers   750 

Manhole,  Construction  of...t,..761 

Materials   required   for 75S 

Sewers  on  irregular  grades.... 755 

Outlet  of  sewer  736 

Relief    sewer    750 

Separate    sewerage    system 750 

Sewer  arches.  Concrete,  Meas- 
uring  for    278 

Sewer-pipe,   Concrete    351 

Storm    flow,    Volume    of   water 

due  to   753.  754 

Tile,    Cost    per    1,000    ft.,    va- 
rious sizes  76i 
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Seweri    and    conduiwS — (Continued) 

Page 

Tile  drainage.  Cost  of  per  acre.762 

Tnink  or  main  sewers 750 

See  Pltunbing. 

Shapes,  Steel,  Cost  of 423,  426 

SectiGfns    of    83S 

Sheathing,    Specification   for 93 

Sheathing  for  stucco  walls 340 

Shed    roof    243 

Sheeting,    QuanUty    of 834 

Sheet-metal  cornice  269 

Sheet-piling    134 

Sheets,  Steel,  Cost  of 419 

Shellac    603 

Shingles,    Asbestos    266 

Asphalt     265 

Cement    266 

Covering    capacity    of 246 

How   to   lay 246 

Sizes   245 

Wood,  No.  per  square 157 

Shingle  roofs  157,  245 

Shingle   stains    612 

Shiplap,   Quantity    of 834 

Sidewalk   construction    654 

Asphalt  walks   669 

Brick  walks   340.   668 

Cinder  walks    669 

Cbncrete  walks.  Average  coat. 668 
Concrete  walk.  Calculations  for 

281.  288,  319.  667 

Concrete    walks,    Construction. 654 

Concrete  walks,   Cost  of 66S 

Concrete  on   limestone  flags... 666 
Concrete  walks.   Materials   for 

281,  288,  319,  666 

Concrete   walks.    Specifications 

for    659 

Gravel    walks    670 

Slope  of  walk 654 

Width  of  walk 654 

Work  from  bbl.   of  cement — 290 

Siding,    Sheet   steel    262 

Sills,   Stone,   Cost   of 367 

Sills,  Wood,  Board  feet  in 156 

Silos,  Capacity  of 358,  363 

Concrete,  Block,  Cost  of 357 

Concrete,  Block,  No.  of  blocks.360 

Concrete,    Cost    of    354 

Concrete,   Labor  costs 355 

Concrete,  Materials  for 359 

Concrete,    Monolithic,   Cost  of. 359 
Concrete,     Reinforcement    for. 

361,    362 

Feeding  capacity  of  363 

Site,   Building,    Preparation   of.. 118 


Skylight    glass    633 

Skylights,    Measuring   for .281 

Slab  bridges  712,   715 

Concrete    716 

Reinforcement   for   .72S 

Slate,   How   to    lay 250 

Sises  of   248 

Weight  of,  per  square 2S3 

Slate  roofs  2C 

Measuring    for    248 

Nails  required  per  square 2S2 

No.   slates  per  square 2S2 

Slope,  Natural,  of  material UD 

Slope  of  roof  gutters Z7I 

Slope    of   roofs 244 

Slow-burning,     see     Mill      con- 
struction. 

Smokestacks,  Concrete   28i 

Soap   and   alum   wash 329 

Soils,   Bearing  power  of 141 

Soil    test    borings    126 

Specific  gravity  of  minerals.... .842 

Specific  gravity  of  stone 842 

Specifications,    Cost    of 115 

Faults    in    83 

General  conditions  of  790 

Nature   of  83 

For  brick  house   113 

Carpenter's    92 

For  concrete  bridge  design 730 

For  concrete  curb  and  gutter.  .679 
For   concrete   roads   and   pave- 
ments     6M 

For   concrete    sidewalks 659 

For  frame  house 84.   175 

For  hardware   97.  652 

For  heating  and  ventilating... 106 

Mason's    86 

Painter's 103 

Plumber's    106 

Speed  of  cutting   tools .850 

Spouts,   Roof  271.  272 

Square,    Framing   cost    per 174 

Square,   Board  feet   per 157 

Stains    for    shingles 612 

Stains  and  staining  611 

Stairs,   Concrete   281.   217 

Measuring    for    J8I 

Stairs,   Specification    tK 100 

Stair  treads   and   risers 199 

Steam  properties 456.   834 

Steel     ceilings.     Measurements 

for    272 

Steel   construction   415 

Bars,  Cost  of  421.  42S 

Base  prices  and  extras 418 
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Steel  construction-^Continued) 

Page 
Bridge  structures  and  floors... 

436,  437,  710 

Cast  iron  436 

Classification,    Standard   steel. 420 

Column  work.  Cost 429 

Costs  analyzed  415 

Drafting  and  shop  costs 428 

Erection  cost  430 

Extras    424 

Factors  of  safety 435 

Finishing,  Cost  of  430 

Girder  work,  Cost  of  429 

Iron   castings    435 

Mill  cutting  costs   416 

Mill    extras    425 

Painting  421,  62S,  626 

Plates,   Cost  of  418 

Plates,  Standard  gauge  for 264 

Profit,    Allowance    for 431 

Punching,  Cost  of  429 

Quantity    di£Ferentials    424 

Rivets  and  riveting.  Cost.  .420, 429 

Rivets,  No.  in  100  lbs 432 

Rivets,  Sizes  and  types  of.... 433 
Shapes,  Cost  of.  .416,  417,  423,  426 

Shapes,  Sections  of  835 

Sheets    263,  419 

Sheets,    Cost   of    419 

Standard  steel  classification. .  .420 

Steelwork.   Cost  of 429,  433 

Stresses,   Allowable    435 

Trusses,  Bridge  710 

Truss  work.  Cost  429,  710 

Warehouse  cutting  extras 428 

Weight  of  steel  in  buildings... 435 
Working  units  for  design 435 

Steps,  Concrete   287 

Stone,  for  masonry.  Cost  of 365 

Broken,    Cost    of    306 

Cut,   Cost  of  368 

Specific  gravity  of  842 

Stone    house.    Comparative    cost 
of  774,  776,  779 

Stone     masonry,     see    Masonry, 
Stone. 

Stonework,  Cost  of  366 

Specifications  for   88 

Storage   of   equipment   and   sup- 
plies    25 

Store  buildings.  Cost  per  cu.  ft.784 
Estimate    on    184 

Street  improvements,   see  Roads 
and  pavements. 

Stresses,     Allowable  ,     in     steel 
structures     435 


Page 
Stresses,  Working,  in  timber. ..  .203 
Struts,  Strength  of,  in  forms.... 300 

Stucco,   Application  of   343 

Cement,  exterior  340 

On  brick,  stone,  etc 344 

Exterior,  Cost  of  345 

Finishes  for  344,  345 

Framing  for  340 

Furring  and  lathing  for 341 

Materials  and  mixing 342 

Sheathing  for  340 

Stucco  cornice   270 

Stud  partitions.  Loads  on 231 

Sub-contract,  Uniform  817 

Sumlimed  white  lead  595 

Superintendence,  Cost  of 28,  325 

Sylvester  waterproofing  ....329,  330 

T 

Tables- 
Accelerated  hot*water  heating, 
tapping  radiators   476 

Air  changes  required  per  hour 
in  buildings  440 

Aggregates,      Proportions      for 
maximum  density  315 

Aggregates,     Weights    of,     for 
different  voids   843 

Barn,     Heavy     timber.     Parts 
of  a  154.  155 

Barometric  pressure  at  various   ' 
altitudes    531 

Bars,     Deformed,     Weight    of 
294.   295 

Bars,  Round  and  square. 
Weight  of  293 

Bathroom  fixtures,  Dimensions 
of  7B6 

Beams,  Timber,  Board  feet  in.  156 

Beams,   Trussed,   Yellow   pine, 
safe  loads  on 233,  234,  235 

Beams,     Yellow     pine,     Maxi- 
mum bending  moments   in... 222 

Beams,  Yellow  pine.  Safe  loads 
on    213 

Bearing  power  of  soils 141 

Belts,    Spacing    of    holes    for 
lacing    854 

Blocks,    Concrete,    Brick    dis- 
placement     338 

Blocks,     Concrete,     Cost    com- 
pared with  brick  331 

Blocks,  Concrete,  Cost  of  lay- 
ing     336 
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Blocks,   Concrete,   Manufactur- 
ing data  336 

Blocks,    Concrete,    Number  per 
square    337 

Blocks,   Concrete,   Sizes,  weights, 
etc 332 

Boiler  settings.  Brick,  Materi- 
als  for 409,  412 

Boilers,   Horizontal   firepot 482 

Boilers,    Horizonul    sectional, 
rectangular,   for  hot  water... 480 

Boilers,     Horizontal    sectional, 
for  steam  heat 478,  479 

Boilers,  Horizontal  tubular,  for 
100    lbs.    pressure 486 

Boilers,  Horizontal  tubular,  for 
125  lbs.  pressure  487 

Boilers,     Vertical     cylindrical, 
non-sectional,  for  hot  water.  .480 

Boilers,     Vetrical     cylindrical, 
sectional,  for  hot  water 481 

Boilers,     Vertical     cylindrical, 
for  steam   heat   .479 

Border,    Quantity    for    various 
sized   rooms   638 

Borings,  Test   126 

Brass  pipe,  Weight  of 530 

Brick,   Cement,   Materials   for.407 

Brick,     Number     required    for 
footings    384 

Brick,     Number     required     for 
piers    381 

Brick,    Number    for    walls    of 
different   thicknesses   379 

Brick,     Paving,    Covering    ca- 
pacity of   682 

Bridge  floors,  Cost  of 436 

Bridges,       Concrete,       arched. 
Cost  of  729,  730,  731 

Bridges,    Concrete    girder    and 
slab,   Data  for  design 726 

Bridges,    Concrete,    Reinforce- 
ment  of   725,   727 

Bridges,    Reinforced    concrete. 
Cost   of  728 

Bridges,     Reinforced    concrete. 
Data  sheet   for   732 

Bridge  steel  work.  Cost  of.... 436 

Building,  Cost  in  different  lo- 
calities     776 

Building,      Cost      in      various 
cities  778 

Building     materials,     Relative 
cost    of    779 


Tables~(Continued) 

P*ge 

Calcimining,  Day*s  work  in... 629 
Carpentry,  Labor  quantities  in. 209 

Castings,    Weight  of   848 

Ceilings,  Wood,  Board  feet  in.  156 
Chain,  Weight  and  strength  oiMO 
Chimney  flues.  Sizes  of.... 387,  388 
Chimneys,     Niimber    of    brick 

for    3K 

Circles,  Areas  and  circumfer- 
ences     8S7 

Cisterns,    Capaci  ty    of 406 

Cisterns,     Number     of     bricks 

for    406 

Colors  for  mortar 327,  32B 

Columns.   Brick,    Tested 

strength  of  376 

Columns,    Cast-iron,    Safe 

loads  on   20S 

Columns,    Concrete,   Cost   of... 

39,   302 

Colt^mns,  Crushing  strength  of.2Q7 
Columns,     Yellow     pine.     Safe 

loads  on   221 

Columns,  Steel,  Shop  costs  of.429 
Concrete,  Compression  strength 

of    312 

Concrete,    Ingredients,   per  cu. 

ft 319 

Concrete,  Materials  per  batGh.319 
Concrete,  Materials  per  cu.  yd. 

321.   322 

Concrete,   Material   proportions 

according    to    voids 318 

Concrete,   Manufacturing  costs 

of    313 

Concrete  mixtures.  Cost  of.... 307 
Conducting    power    •f    various 

materials    442 

Conduits,       Dimensions       and 

weights   of    ...^ 572 

Copper,    Sheet,    Weight    of 20 

Copper    conductor.    Solid.    Cost 

per  mile  of  564 

Copper     conductor.      Stranded, 

Cost  per  mile  of  564 

Corundum  wheels,   Speed  of... 851 

Cost,  Record  card  of 781 

Costs,   Record  of 628 

Crushing   strength   of  building 

materials    2/7 

Cubical  contenu  of  rooms. 786,  84 
Cu.  ft.  of  air  passing  through 

flue  of  >^-in.  area 443 
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CuWertSp  Concrete,  Dimensions, 

cost,  etc 

....741,  743.  745.  746.  747.  748.  749 
Dams,     Concrete.     Dimensoins 

and  materials   948 

Decimal    equivalents    for    inch 

fractions     856 

Ditches,  volume  of  excavation 

for    130 

Downspouts,  Sires  of 271 

Drain-tile.  Concrete.  Cost  of... 352 
Drain-tile,       No.       of       acres 

drained  by  different  sizes  of. 762 
Drip  pipes  for  mains  of  vari- 
ous  lengths    466 

Earth     moving    with     scraper, 

Cost  of  131 

Earthwork,  Slope  of 120 

Emery   wheels.    Speed  of 851 

Excavation,  Volume  of....  124,  125 
Expanded     metal,     Sizes     and 

weights    296 

Expansion    tanks.    Dimensions 

and  capacities    468 

Expansion       of      wrought-iron 

pipe    458 

Feed-water  heaters   488 

Flooring.  Oak.  Taking  o£F.191,  192 

Flooring.   Oak.    Weight   of 193 

Floors.  Allowable  loads  on... 193 
Floors,  Concrete.  Cost  of.39, 40,  302 
Floors,  Concrete.  Materials  per 

square     284 

Floors.  Mill,   yellow  pine,  de- 
flection in  229 

Floors.  Mill,  yellow  pine,  spans 

for    226 

Floors.  Wood.  Board  feet  in...  156 
Flue-linings.    Weights,    dimen- 
sions,   etc 387 

Flush-tanks.  No.  of  brick  in... 761 

Footings,   Cost  of 41 

Foundations.  Concrete,  Cost  of.302 

Foundations,  Cost  of  41,  302 

Frame  houses.  Depreciation  of 

parts   in   202 

Framing.  Cost  of  per  square — 174 
Framing,     Lumber     quantities 
for,   per   square    174 

Friction     equivalent     of     ells 

and    globe    valves 532 

Furniture,   Dimensions  of 784 

Gas  burners.  Sizes  of  pipe  for.538 
Gas  meter.   Connections  for... 538 
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Girders.   Board  feet  in 156 

Glass.    Skylight.    Weight    and 

covering    capacity    632  ' 

Gutters,    Roof,    Sizes   of 271 

Gutter   strip,   Cost   of   257 

C}utter    strip.    Number    sheets 

required    257 

Hardware.  Quantity  sheet  of.646 
Heat  and  power  equivalents.  .855 
Heating  capacity.   1   sq.   ft.   of 

radiation    455 

Heat  units  required  for  warm- 
ing brick  house   445 

Heat  values  of  various  coals.. 446 
Hot-air  heating.  Dimensions  of 

fans    494 

Hot-air  heating.  Dimensions  of 

heater  coils  493 

Hot-air    heating.    Flues,    grate 

area,   heating    surface 492 

Hot-air  registers  491 

Hot-water  heating.    Direct   ra- 
diation   462 

Hot-water     heating.      Indirect 

radiation  463 

Hot-water     heating,     Size     of 

mains   for    464 

House  drains.  Rain  water 499 

Illumination.  Candle-power  per 

cu.   ft.  of  space 566 

Illumination,      Coefficients     of 

diffusion   for   566 

Illumination   by   enclosed   arc- 
lamps    567 

Insurance.    Fire.    Cost    of.    for 

factories    303 

Insurance.  Liability,  (^st  of..  142 

Iron,   Cost  of   417.   425 

Iron-plate.  Standard  gauge  of  264 
Joists.  Wood.  Board  feet  in... 230 
Joists.  Yellow  pine,  Weight  of. 230 
Kahn  ribbed  metal.  Sizes  and 

weights    296 

Kitchen     fixtures.    Dimensions 

of    786 

Lath,  Number  per  sq.  yd 157 

Lathes,  High-speed  steel. 

Speeds   of    852 

Lead.  Sheet.  Weight  of... 267,  529 

Lead.  Sheet,  Thickness  ^f 529 

Length  of  pipe  required  per  sq. 

ft.    of    radiation 458 

Lumber,   Actual   sizes  of 147 

Lumber.  Board  feet  per  square.157 
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Lumber,   Dry.   Weight  of 844 

Lumber,  Factors  for  safe  loads.148 

Manholes,  No.  of  brick  in 761 

Masonry,  Mortar  per  cu.   yd.  .368 

Masonry,   Safe   loads   on 370 

Masonry,   Weight  of   841 

Master  card  of  cost  data 44 

Measure,  Tables  of   859 

Merchandise,    Weight   of 84S 

Metals,    Weight    of    841 

Metric    measures    and    equiva- 
lents     859 

Minerals,  Specific  gravity  of.  .842 
Mixtures,  Concrete,  for  various 

classes  of  work  317 

Mortar,    Capacity    per    cement 

bbl 345 

Mortar,   Cement  and   sand  per 

square     346 

Mortar,  Cement,  Materials  per 

cu.    ft 346 

Mortar,  Cement,  Materials  per 

cu.    yd 369 

Mortar,      Materials      for      per 

1,000  brick   382 

Mortar,  Waterproof  346 

Nails,    Barbed    roofing,    Num< 

ber  in   lb 262 

Nails    for   slate   roof.    Number 

per  square  252 

Nails,    Wire,    per    1,000   ft.    of 

lumber    158 

Nails,  Wire,  Size  and  number 

per  lb 160 

Paint,     Covering    capacity    on 

metal  624 

Paint,     Covering    capacity    on 

steel  structural  work.... 626,  627 

Painting,  Day's  work  in 623 

Paints,  Color,  composition,  and 

cost  of  599 

Partitions,    Frame,    Board  feet 

in    156 

Partitions,    Stud,    yellow   pine. 

Safe  loads  on  231 

Pavements,  Asphalt,  Cost  of.. 

TOf,    70S 

Pavements,    Brick,    Cost    of... 

683,   685 

Pavements,    Cobblestone,    Cost 

of    706 

Pavements,     Comparative    val- 
ues of  different  types 707 


Tables— (Continued) 

Pavements,  Concrete,  Material 

calculation  for   701 

Pavements,       Creosote       block* 

Cost  of  68S.  689,  690 

PavemenU,   Crowning  offseU..fl53 

Pavements,   Stone,   0>st   of 68S 

Pavements,   Stone   block.    Cost 

of    708 

Pavements,   Top  course,   Num> 

ber  of  bricks  for 6K 

Pavements,  Unit  price  for,  in 

New    York    TV 

Piles,    Relative    cost    of    wood 

and  concrete   JSS 

Plaster,  Surface  in  various- 
sized  rooms  583*  SK2 

Pipe,      Cast-iron,     Dimensions 

and  cost  352 

Pipe,      Concrete,      Dimensions 

and  cost  3S2 

Pipe       coverings.       Insulating 

value  of  469 

Pipe,    Standard    dimensions    of 

wrought-iron  welded    47D 

Pipes,  Equation  of   472 

Power  and  heat  equivalents... 855 
Radiating     power     of     various 

bodies    441 

Radiating    surface    per    linear 

foot  of  pipe 459,   460 

Radiation,    Schedule    of 454 

Radiators,  Square  feet  of  heat- 
ing  surface    in 

449,  450.  451.  452.  453 

Railway    concrete    work.    Cost 

of    304 

Range  boilers.  Dimensions  and 

weights  of  529 

Reinforcement,  Concrete, 

Weight  per  cu.  yd. 291 

Reinforcement,  Steel,  Material 

sheet  for   293 

Reinforcing  steel.   Cost  of 41 

Rivets,   Number  per  1,000  lbi.4J2 

Rocks,  Specific  gravity  of 843 

Roofing,  Corrugated,  Cost  of.  .427 
Roofing,    Corrugated.     Number 

of  sq.  ft.   per  square 261 

Roofing,     Corrugated,     Weight 

of,   per  square   2S1 

Roofing  materials,  Wei^t  of.  .272 
Roofs,  Frame,  Board  feet  in..lS6 
Roofs,  Pitch  of  24$ 
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Rope,  Weight  and  strength  of.847 

Safety  factors  in  steel  con- 
struction  435 

Saws,   Circular,   Speeds  of 850 

Sewer  pipe,   Concrete   352 

Sewer  pipe,  Carrying  capac- 
ity,  per  minute 528 

Sewer  pipe.  Discharge  of,  ■  per 
second    528 

Sewer  pipe,  Double>strength, 
Dimensions  and  weights  of.. 757 

Sewer  pipe  with  .deep  sockets. 
Dimensions  and  weights  of.  .757 

Sewer  pipe  joints.  Cement, 
sand,  and  cement  mortar 
for    761 

Sewer  pipe,  Weights  and  di- 
mensions of  various  sizes... 756 

Sewers,  Circular,  Materials 
required  for  758 

Sewers,  Circular,  No.  of  bricks 
for  different   sized  joints. ...760  - 

Sewers,  Egg-shaped,  Materials 
required  for  759 

Sewers,  Fall  per  foot  for  va- 
rious sizes  500 

Sewers,  Velocities  and  grades 
allowed  in  ; 759 

Sewers,  Velocity  and  volume 
of  discharge  532 

Sheets,  Flat  steel.  Weight 
per  square  263 

Shingles,  Number  per  square.. 157 

Shingles,  Wood,  Covering  ca- 
pacity  of   246 

Sidewalks,  Concrete,  Cost  of.. 
665,    666 

Sidewalk  construction,  Ce- 
ment, Capacity  per  bbl 290 

Siding,  Steel,  Weight  per 
square    263 

Sills,  Board  feet  in 8,  152 

Silos,  Concrete,  Average  cost 
of    355 

Silos,  Concrete  block,  Cost  of.357 

Silos,  Concrete  block.  Number 
of  blocks  for  360 

Silos,  Concrete  block,  Rein- 
forcement  for    362 

Silos,  Construction,  Labor  in.. 355 

Silos,   Feeding  capacities  of... 363 

Silos,  Monolithic  concrete. 
Cost  of   356 

Silos,  Monolithic  concrete, 
Materials   for   359 
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Silos,       Monolithic      concrete. 

Reinforcement  for   361 

Silos,  Round,  Capacity  of 358 

Single-pipe  steam  heating.  Size 

of  main  for   461 

Sizes  and  capacities  of  mains, 

hot-water  heating  465 

Sizes  and  capacities  of  mains, 

steam  heating  465 

Sizes  and  number  of  branches 

that  mains  will   supply 466 

Slate,     Roofing,     Number     per 

square    252 

Slate,  Roofing,  Weight  of 253 

Soil-pipe,  Lead  and  oakum  for 

joints  of  502 

Soil-pipe,      vent-pipe,      Weight 

of    501 

Soil-pipe,      waste-pipe.      Mini- 
mum diameters  allowed 503 

Specific    heat    of   various    sub- 
stances  439 

Steam   for   heating.    Properties 

of    456 

Steel  classification.   Standard.  .420 

Steel,   Mill   extras 425 

Steel  plate.  Standard  gauge  of. 264 
Steel,  Quantity  differentials... 424 

Steel  shapes.  Cost  of 417,  425 

Steel    tanks.    Dimensions    and 

capacities  of   531 

Steel,    Warehouse    cutting    ex- 
tras     428 

Stone,    Specific    gravity   of 842 

Stone  work.  Cost  of  366 

Stresses,    Allowable,    in    steil 

construction    435 

Structural   shapes,   wood.   Data 

for   design    of 204 

Struts,    Strength    of,    in    con- 
crete  floor  forms 300 

Tanks,      Reinforced     concrete. 

Cost  of   349 

Tile  work.  Number  of  tile  per 

sq.  ft 413 

Timber,  Average  weight  of — 208 

Timber,  Board  feet  in 149 

Timber,  Dry,  Weight  of 209 

Timber,  Shrinkage  of 151 

Tin,  Roofing,  Cost  of 257,  258 

Tin,       Roofing,       Number      of 

sheets    required 254,    256 

Tin,  Roofing,  in  rolls.  Number 
sheets   required   257 
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Trenches,   Volume    of    excava* 

tion  for  130 

Trusses,  Steel,  Shop  costs  of.  .429 
Upset     ends     for     round     and 

square   bars   858 

Voids  in  broken  stone  310 

Voids  in  coarse  aggregates.... 310 

Voids  in  pebbles  310 

Wages,  Calculating  amount  of.766 
Wages  paid  in  building  trades 

768,    77S 

Wallpaper,     Number    of    rolls 

required    637,  638 

Walls,      Basement,      Concrete, 

Materials  for ^ 282 

Walls,      Basement,      Concrete, 

•     Thickness  of  282 

Walls,  Brick,  Allowable  thick- 
ness of 371,  372,  373,  374 

Walls,  Concrete,  Cost  of.... 40,  302 
Walls,  Fireproof,  Cost  of.. 784,  785 
Walls,  Foundation,  Cost  of....  41 
Walls,    Foundation,    Thickness 

of    140 

Walls,    Retaining,    Dimensions 

and  materials  for  348 

Washers,  Sizes  of 849 

Water  consumption  in  various 

cities    752 

Water  pressure  due   to  height 

in  feet  464 

Weight  of  materials    841 

Wires,  Carrying  capacity  of..M9 
Wires,     Sizes    of    mains     and 

branches  for  D.  C.  motors... 558 
Wires,     Size     of,     for     three- 

phase  motors  565 

Wires,    Tubes     and    bushings 

for    573 

Wiring  data    for    110- volt    cir- 

cuiU     561 

Wiring   data   for    220-Yolt    cir- 
cuits     562 

Wiring   data    for   500-Yolt   cir- 
cuits     563 

Zinc,  Sheet,  Weight  of 268 

Taking  off  quantities 1S9,  187 

See  Estimate,   Measuring. 

Tanks,   Concrete   3t8 

Tanks,  Cylindrical.  Capacity  of.834 

Tar  and  gravel  roofs  258 

Tees,   Steel,   Cost  of   423 

Temperature  scales  842 

Teme  plate   253 

Terrazzo    floor    285 

Testing  linseed  oil  614 


Testing  white  lead  615 

Theaters,  Cost  per  cu.  ft 784 

Thermometer  scales   842 

Three-fourths    rule    ISO 

Ties,    Railroad.    Concrete JS3 

Tile,  Art,  for  floors,  etc 411 

Tile,   Drain,  Concrete   351 

See  also  Sewers  and  conduits. 

Tile   roofs   263 

Day's  work  in   laying   2tS 

How  to  lay   26J 

Timber,      House,      Specifications 

for  sa 

No.  of  feet,  B.  M.,  in 148.  149 

Shrinkage  of  151 

Strength   of    203 

Weight  of   2DS 

Time  for  completing  coniracts..  6B 
Time      for      removing      concrete 

forms    299 

Tin,  Painting  613 

Tin    plate    253 

Tin   roof   2S3 

Cost    255,    258 

Covering  capacity  of  sheets... 258 

Day's  work  in  laying 258 

Flat-seam    255 

Kinds  of  sheets  2SJ 

No.   sheets  required  254 

Specification  for   102 

Tin  in  rolls   255,  257 

Standing-seam    255,  250,   2SB 

Tooling  concrete,  Cost 327 

Tools,  Care  of  854 

Cutting.  Speed  of  850 

Trautwine   on   concrete  costs 304 

Trenches,   Excavation  of 130,  276 

Truss    construction    239 

Bridge  trusses   710 

Lattice    342 

Long-span    241 

Plank-framed    240 

Steel   trusses   710 

Steel  trusses.  Cost  of 429 

Trussed    beams    232 

Tunnels,      Concrete,     Measuring 

for    278 

Turpentine    596 

Twisted  lug  bar  295 

XT 

Unbalanced  bids  22 

Uniform   contract   612 

Uniform    sub-contract    817 

Unit-price  contracts  16,  59 

Upset  screw  ends  for  bars 8S8 
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Varnishes,  Kinds  of   604 

Varnishing,   see  Painting. 

Veneer.  Brick.  Cost  of 377,  405 

Ventilating,    see    Heating    and 
ventilating. 

Voids  in  concrete  aggregates 310 

Proportioning  for  318,  320 


Wages,  Calculating  amount  of.  .766 

Wage  Ubles  765.  766,  768 

Wall-board    578 

Wall  measure,  Brick  378 

Wallpaper.   Kinds  of  635 

No.  of  rolls  required 636.  637 

Walls.  Brick.  Labor  quantities.. 377 
No.  brick  required — 379.  383.  397 

Thickness  of 371.  372.  373.  374 

Weight  of   403 

Walls,  Concrete- 
Basement,  Thickness  of 282 

Curtain' 286 

Foundation.  Cost  of  41 

Foundation,    Measuring  for. ...277 

Openings  in  278.  279 

Superstructure   40.  275.   282 

Walls,  Fireproof.  Cost  of... 784,  785 
Walls.     Foundation,     Thickness 

of    140.   282 

Walls.  Frame,  Board  feet  in.... 156 

Walls.   Reinforced  concrete 280 

Walls.  Retaining,  concrete.. 304.  347 

Cost  of 304 

Measuring   for    278 

Walls.  Stone.  Specification  for..  88 

Walls.   Stucco   340 

Washers.  Standard  sizes 849 

Washing  sand.   Cost  of 306 

Washington  red  cedar  grading.. 144 
Wason.      L.      C,      on     concrete 

costs    303 

Waste  in  brickwork 403.  684 

Of  lumber  151 

Of  paving  brick   684 

Water  for  masonry  368 

Waterproofing  concrete.  Cost  of. 328 

Water-table.   Stone.   Cost  of 367 

Wax  finishing  for  floors  608 

Weather.   Effects  of   24 

Weight  of  brick   374 

Of  brick  walls  403 

Of  brickwork    375 

Of  broken  stone  311 

Of  cement  841 

Of   chain    860 


Pago 

Of  concrete 841.  842 

Of  corrugated  metal  261 

Of  flooring,  wood  190.  193 

Of  lead  267 

Of  lumber  209.  844 

Of  masonry   375,  841 

Of   metals    841 

Of  paving  brick   684 

Of  reinforcing  steel   293.  294 

Of  roofing  materials  272 

Of  rope   847 

Of   sand    403 

Of  slate   253 

Of  soil  and  vent-pipe  501 

Of  steel  in  buildings  435 

Of    steel    reinforcement... 293,    294 

Of  steel  sheets   263 

Of  steel  siding   263 

Of   timber   208 

Of  various   materials 841.   846 

Of  water   833 

Of  zinc   268 

White    lead    595 

Testing    615 

White  pine  grading  144 

Whitewash     629 

To    remove    629 

Whiting    S96 

Window  construction — 

Dormer    197 

Glass  for   ..♦ 630 

Hardware   for   647 

Sash.  Sizes  of  166 

^     Specifications  for  frames,  sash. 

etc 98 

Winslow  formula    223 

Wire  glass   631 

Wiring.     Electric,     see     Electric 

Wiring. 
Wood.     Preservative     treatment 

of    848 

Working  day.  A  24 

Wrecking  operations   119 

Wright.  G.  A.,  on  quantity  sys- 
•        tern  of  estimating   4S 

Y 

Yellow  pine  construction   211 

Yellow  pine  grading   ..144 

Z 

Zinc      chloride      in      preserving 

wood    848 

Zinc.  Weight  of  sheet   268 

Zinc  white   595 
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The  books  are  the  combined  work  of  the  leading  writers  and 
teachers  of  cement  construction,  who  have  gathered  at  great 
labor  into  the  p&^ea  of  this  cyclopedia  the  cream  of  all  the  useful 
information  relatmg  to  the  use  of  cement  known  at  the  present 
day.  The  most  important  sections  deal  with  the  Cement  Industry 
—Materials  of  Concrete — ^Portland  Cement— Aggregate — Mixing 
of  Concrete — Tools  and  Machinery — Block  Machines — ^PlainCJcn- 
crete  Construction — Stucco  Work— Manitfacture  of  Concrete  Bloeka 
— ^Waterproofing — Sidewalk  ConstructioD— Concrete  on  the  Farm 
— Reinforced  Concrete — ^Reinforcing  Systems— General  Buildinff 
Construction  ^  Bridges  and  Culverts— Insurance— OmamentJ 
Concrete — Masonry  Construction^ Brick  and  Brickwork — Ele- 
ments of  Steel  Construction -Estimating  Coait  of  Excavating,  Forms, 
Mixing  and  Placing,  Reinforcing — ^Useful  Rules  Hpliuk  010  00 
—Tables  and  Data,  etc 11  ICBf  ^IZiOU 
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Each  number  contains  perspective  views,  elevations,  floor  plans  and 
details  of  modem,  moderate-priced  residences  of 'cemeni  plaster, 
concrete  blocks  and  stucco,  with  all  necessary  information;  school 
houses,  churches,  farm  buildings,  garages,  bams,  concrete  block 
making,  cement  plaster  work,  steps  ana  stairs,  tanks  and  cisterns, 
bridgework,  culverts,  sidewalks,  paving,  reinforcing,  waterproof- 
ing, coloring,  staining,  cement  tiles,  cement  shingles,  cement  sewer 
pipe,  irrigation,  engineering,  cement  tools,  cement  machinery,  and 
the  latest  news  of  the  cement  industry,  etc. 
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Details 

of  Building  Gonstroctloi 

By  W.  A.  RADFORD 

200  (dxl2  inch)  pages,  1800  UfaistrmtiaBa. 

RAdford'8  Portfolio  of  "Detafls  of 
Buildizig    Construction"    is    a 

complete  manual  of  building  prac- 
tice, as  Implied  to  carpentrv,  con- 
struction and  the  use  of  millwork. 
It  is  a  remarkable  collection  of 
full-page  plates,  accurately  drawn 
and  reproduced  to  exact  scale, 
showing  clearly  every  detail  of 
modem  building  construction  and 
finish. 

How  to  Frame  Etery  Kind 
of  House. 

These  plates  make  plain  the  framing  and  construction  of  residences 
of  every  type.  Every  popular  and  attractive  style  of  interior 
trim  is  fuller  detailed.  Special  ideas  are  presented  for  the  appro- 
priate interior  finish  for  every  room  or  part  of  the  house.  These 
ideas  are  worked  out  complete,  the  drawings  showing  both  the 
arrangement  of  the  room  and  all  the  interior  trim,  including  built- 
in  features,  fully  detailed. 

Modem  Improvements  a  Feature. 

This  is  the  day  of  ''built-in"  space  and  labor-saving  features  in 
the  home.  Carpenters  are  called  upon  to  plan  and  build  buffets 
and  sideboards  for  the  dining  room,  kitchen  cabinets,  cases  and 
cupboards  for  the  kitchen  and  pantry,  bookcases  for  the  living 
room  and  library,  wardrobes  ana  linen  closets  for  the  chambers, 
fireplaces  with  wood  mantels,  window  seats,  etc.  Radford's 
portfolio  of  "Details  of  Building  Construction"  is  a  regular  gold 
mine  of  new  and  attractive  designs. 

Work  Can  be  Done  Directly  From  Book. 

All  details  in  this  big,  new  book  are  drawn  to  scale  and  the  illus- 
trations are  remarkably  clear  and  distinct.  The  size  of  each  page 
(9x12  inches)  makes  possible  a  more  complete  explanation  and 
leads  to  a  better  understanding  than  the  average  printed  details. 
A  contractor,  builder  or  carpenter  will  find  in  this  book  many  solu- 
tions of  work  that  haye  never  before  ^^ 
been  made  plain  to  him  and  he  can    Price          f|^  1     ^SO 


be  sure  that  each  is  correct. 
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Practical 
Carpentry 

"Pnctieal  Carpentry,"  by  Wm. 
A.  Radford.  They  are  the  latest 
works  to  guide  the  carpenter, 
builder  and  contractor  in  the  many 
problems  of  construction  that 
arise  daily.  A  reliable  text-book 
to  which  to  refer  in  work  that  is 
new  or  unusual  is  indispensable, 
and  these  two  volumes  are  written 
to  supply  the  need. 

Pour  Hundrid  SpMlal  llhistratlMS 

There  are  over  400  illustrations  in  the  two  volumes  of  "Practical 
Carpentry."  Many  of  these  illustrations  cover  an  entire  page 
and  they  completely  and  instructively  illustrate  the  text.  They 
show  the  detail  and  work  down  to  the  very  minutest  point. 

Ovif  OM  Pagts  of  Uihto-dato  Infamurtloa 

Each  volume  of  "Practical  Carpentry"  measures  6x9  inches  and 
is  hound  in  cloth  with  cover  design,  attractively  stamped.  Each 
volmne  contains  more  than  300  pages,  making  the  complete  work 
over  600  pages  of  useful  and  necessary  information,  written  so  that 
any  reader  can  understand  every  sentence  and  follow  the  text  and 
illustrations. 


Spoolal  CtUHittrs  on  Qood  and  FnoHy  i 

There  are  special  chapters  devoted  to  good  and  faulty  construction 
and  all  kinds  of  framing,  besides  information  on  geometry,  arches, 
centers,  window  and  door  heads,  steel  square  in  carpentry,  house 
framing,  roofs  and  roof  construction,  building  construction,  cov- 
ering of  roofs,  mouldings,  joints,  straps  and  other  fastenings,  stair 
building  and  many  questions  and 
answers  on  all  subjects  pertaining  Price  Postpaid  df9  t%t% 


to  building. 
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steel  Square 

and  Its  Uses 


''Steel  Square  and  Its  TJBes,"  by 
Wm.  A.  Radford,  consists  of  two 
volumes  and  are  brand  new  books. 
They  are  written  in  plain,  every- 
day language  and  the  text  and  illus- 
trations can  be  easily  understood 
and  followed.  Information  of 
value  that  has  i^peared  in  former 
works  appear  in  these  books,  to- 
gether with   a   vast   amount   of  ^ 

absolutely  new,  practical^  every- 
day information,  such  as  is  necessary  for  every  progressive  and 
successful  carpenter  to  know. 

Vast  Amount  of  Practical  Information 

This  up-to-date  and  practical  work  on  the  application  of  the  steel 
square  treats  of  the  laving  of  the  rafters,  nnding  the  length  of 
jacks,  securing  bevels,  laymg  out  hopper  bevels,  snowing  how  to 
use  the  steel  square  as  a  calculating  machine,  and  how  to  measure 
solids,  surfaces  and  distances.  While  the  text  and  descriptive 
matter  are  so  accurate  and  easy  of  comprehension  that  they  could 
be  understood  without  even  the  assistance  of  illustrations,  never- 
theless the  book  has  been  thoroughly  and  profusely  illustrated 
with  diagrams  and  drawings. 

Special  Chapters  on  Stair  Building 

Special  chapters  are  devoted  to  that  part  of  stair  building  to  which 
the  steel  square  can  be  applied.  Other  chapters  discuss  the  adjust- 
able fence,  roof  framing,  hip  roof  framing,  hoppers  and  hopi>er 
bevels,  combination  squares,  kev  to  the  steel  square,  possibilities 
of  the  steel  square,  polygons  and  miters,  pitches,  and  roof  framing 
and  miscellaneous  rules  and  examples. 

A  Department  of  Questions  and  Answers 

Incorporated  in  Volume  2  is  one  of  the  most  useful,  interesting  and 
instructive  departments  ever  presented  in  a  work  of  this  character. 
It  consists  of  numerous  questions,  which  have  been  sent  the  editors 
by  practical  carpenters  all  over  the  country,  together  with  cle«u- 
and  easily  understood  answers.  These  questions  come  up  in  every 
carpenter's  work  f reauently  and  the 
solutions  of  the  problems  given  wilF 

prove  a  valuable  aid  to  the  readers  Price,  Postpaid  ^O  A  A 
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